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Major Recommendations
Note from the National Guideline Clearinghouse (NGC) and the American College of Cardiology (ACC) and the American Heart Association
(AHA): Two guidelines from the ACC, the AHA, and collaborating societies address the risk of aortic dissection in patients with bicuspid aortic
valves and severe aortic enlargement: the "2010 ACCF/AHA/AATS/ACR/ASA/SCA/SCAI/SIR/STS/SVM Guidelines for the Diagnosis and
Management of Patients With Thoracic Aortic Disease" and the "2014 AHA/ACC Guideline for the Management of Patients With Valvular Heart
Disease." However, the 2 guidelines differ with regard to the recommended threshold of aortic root or ascending aortic dilatation that would justify
surgical intervention in patients with bicuspid aortic valves. The ACC and AHA therefore convened a subcommittee representing members of the 2
guideline writing committees to review the evidence, reach consensus, and draft a statement of clarification for both guidelines. This statement of
clarification uses the ACC/AHA revised structure for delineating the Class of Recommendation and Level of Evidence to provide
recommendations that replace the intervention recommendations in the Bicuspid Aortic Valve section, below. See the ACC/AHA Statement of
Clarification in the "Availability of Companion Documents" field.

Definitions for the levels of the evidence (A–C) and classes of recommendations (I–III) are provided at the end of the "Major Recommendations"
field.

General Principles

Diagnosis and Follow-up

Diagnostic Testing–Initial Diagnosis

Class I

1. Transthoracic echocardiography (TTE) is recommended in the initial evaluation of patients with known or suspected valvular heart disease
(VHD) to confirm the diagnosis, establish etiology, determine severity, assess hemodynamic consequences, determine prognosis, and
evaluate for timing of intervention (Carabello et al., 1986; Currie et al., "Continuous-wave Doppler determination," 1985; Currie et al.,
"Continuous-wave Doppler echocardiographic," 1985; Dujardin et al., 1997; Enriquez-Sarano et al., 2005; Enriquez-Sarano et al.,
"Echocardiographic prediction of left ventricular function," 1994; Nishimura et al., 1994; Oh et al., 1988; Otto et al., 1997; Otto et al.,
1991; Otto et al., 1986; Otto, Pearlman, & Gardner, 1989; Pellikka et al., 2005; Zile et al., 1984; Dujardin et al., 1999; Bonow et al.,
1991). (Level of Evidence: B)

Diagnostic Testing–Changing Signs or Symptoms

Class I

1. TTE is recommended in patients with known VHD with any change in symptoms or physical examination findings. (Level of Evidence: C)

Diagnostic Testing–Routine Follow-up

Class I

1. Periodic monitoring with TTE is recommended in asymptomatic patients with known VHD at intervals depending on valve lesion, severity,
ventricular size, and ventricular function. (Level of Evidence: C)

Diagnostic Testing–Cardiac Catheterization

Class I

1. Cardiac catheterization for hemodynamic assessment is recommended in symptomatic patients when noninvasive tests are inconclusive or
when there is a discrepancy between the findings on noninvasive testing and physical examination regarding severity of the valve lesion.
(Level of Evidence: C)

Diagnostic Testing–Exercise Testing

Class IIa

1. Exercise testing is reasonable in selected patients with asymptomatic severe VHD to 1) confirm the absence of symptoms, or 2) assess the
hemodynamic response to exercise, or 3) determine prognosis (Aviles et al., 2001; Otto et al., 1992; Lancellotti et al., 2005; Marechaux et
al., 2010; Messika-Zeitoun et al., 2006). (Level of Evidence: B)



Basic Principles of Medical Therapy

Secondary Prevention of Rheumatic Fever

Class I

1. Secondary prevention of rheumatic fever is indicated in patients with rheumatic heart disease, specifically mitral stenosis (MS) (see Tables 5
and 6 in the original guideline document) (Gerber et al., 2009). (Level of Evidence: C)

Infective Endocarditis (IE) Prophylaxis

Class IIa

1. Prophylaxis against IE is reasonable for the following patients at highest risk for adverse outcomes from IE before dental procedures that
involve manipulation of gingival tissue, manipulation of the periapical region of teeth, or perforation of the oral mucosa (Horstkotte, 1987;
Strom et al., 1998; Duval et al., 2006) (Level of Evidence: B):

Patients with prosthetic cardiac valves
Patients with previous IE
Cardiac transplant recipients with valve regurgitation due to a structurally abnormal valve
Patients with congenital heart disease with:

Unrepaired cyanotic congenital heart disease, including palliative shunts and conduits
Completely repaired congenital heart defect repaired with prosthetic material or device, whether placed by surgery or catheter
intervention, during the first 6 months after the procedure
Repaired congenital heart disease with residual defects at the site or adjacent to the site of a prosthetic patch or prosthetic
device

Class III: No Benefit

1. Prophylaxis against IE is not recommended in patients with VHD who are at risk of IE for nondental procedures (e.g., transesophageal
echocardiography [TEE], esophagogastroduodenoscopy, colonoscopy, or cystoscopy) in the absence of active infection (Guarner-Argente
et al., 2011). (Level of Evidence: B)

The Heart Valve Team and Heart Valve Centers of Excellence

Class I

1. Patients with severe VHD should be evaluated by a multidisciplinary Heart Valve Team when intervention is considered. (Level of
Evidence: C)

Class IIa

1. Consultation with or referral to a Heart Valve Center of Excellence is reasonable when discussing treatment options for 1) asymptomatic
patients with severe VHD, 2) patients who may benefit from valve repair versus valve replacement, or 3) patients with multiple
comorbidities for whom valve intervention is considered. (Level of Evidence: C)

Aortic Stenosis (AS)

See Table 8 in the original guideline document for the stages of valvular AS.

Diagnosis and Follow-up

Diagnostic Testing–Initial Diagnosis

Class I

1. TTE is indicated in patients with signs or symptoms of AS or a bicuspid aortic valve for accurate diagnosis of the cause of AS,
hemodynamic severity, left ventricular (LV) size, and systolic function, and for determining prognosis and timing of valve intervention (Oh et
al., 1988; Otto et al., 1997; Galan, Zoghbi, & Quinones, 1991). (Level of Evidence: B)

Class IIa



1. Low-dose dobutamine stress testing using echocardiographic or invasive hemodynamic measurements is reasonable in patients with stage
D2 AS with all of the following (Lin et al., 1998; Monin et al., 2001; Clavel et al., 2008) (Level of Evidence: B):

a. Calcified aortic valve with reduced systolic opening
b. Left ventricular ejection fraction (LVEF) <50%

c. Calculated valve area ≤1.0 cm2

d. Aortic velocity <4.0 m per second or mean pressure gradient <40 mm Hg

Diagnostic Testing–Exercise Testing

Class IIa

1. Exercise testing is reasonable to assess physiological changes with exercise and to confirm the absence of symptoms in asymptomatic
patients with a calcified aortic valve and an aortic velocity 4.0 m per second or greater or mean pressure gradient 40 mm Hg or higher
(stage C) (Otto et al., 1997; Lancellotti et al., 2005; Marechaux et al., 2010; Das, Rimington, & Chambers, 2005). (Level of Evidence: B)

Class III: Harm

1. Exercise testing should not be performed in symptomatic patients with AS when the aortic velocity is 4.0 m per second or greater or mean
pressure gradient is 40 mm Hg or higher (stage D) (Atterhog, Jonsson, & Samuelsson, 1979). (Level of Evidence: B)

Medical Therapy

Class I

1. Hypertension in patients at risk for developing AS (stage A) and in patients with asymptomatic AS (stages B and C) should be treated
according to standard guideline-directed medical therapy (GDMT), started at a low dose, and gradually titrated upward as needed with
frequent clinical monitoring (O'Brien et al., 2004; Chockalingam et al., 2004; Nadir et al., 2011). (Level of Evidence: B)

Class IIb

1. Vasodilator therapy may be reasonable if used with invasive hemodynamic monitoring in the acute management of patients with severe
decompensated AS (stage D) with New York Heart Association (NYHA) class IV heart failure (HF) symptoms. (Level of Evidence: C)

Class III: No Benefit

1. Statin therapy is not indicated for prevention of hemodynamic progression of AS in patients with mild-to-moderate calcific valve disease
(stages B to D) (Rossebo et al., 2008; Cowell et al., 2005; Chan et al., 2010). (Level of Evidence: A)

Timing of Intervention

Class I

1. Aortic valve replacement (AVR) is recommended in symptomatic patients with severe AS (stage D1) with (Zoghbi et al., 2009; Otto &
Pearlman, 1988; Turina et al., 1987; Kelly et al., 1988) (Level of Evidence: B):

a. Decreased systolic opening of a calcified or congenitally stenotic aortic valve
b. An aortic velocity 4.0 m per second or greater or mean pressure gradient 40 mm Hg or higher
c. Symptoms of HF, syncope, exertional dyspnea, angina, or presyncope by history or on exercise testing

2. AVR is recommended for asymptomatic patients with severe AS (stage C2) and an LVEF less than 50% with decreased systolic opening
of a calcified aortic valve with an aortic velocity 4.0 m per second or greater or mean pressure gradient 40 mm Hg or higher (Connolly et
al., 1997; Tribouilloy et al., "Outcome," 2009). (Level of Evidence: B)

3. AVR is indicated for patients with severe AS (stage C or D) when undergoing cardiac surgery for other indications when there is decreased
systolic opening of a calcified aortic valve and an aortic velocity 4.0 m per second or greater or mean pressure gradient 40 mm Hg or higher
(Rosenhek et al., 2000; Smith et al., 2004). (Level of Evidence: B)

Class IIa

1. AVR is reasonable for asymptomatic patients with very severe AS (stage C1) with (Lancellotti et al., 2010; Rosenhek et al., 2010) (Level
of Evidence: B):

a. Decreased systolic opening of a calcified valve
b. An aortic velocity 5.0 m per second or greater or mean pressure gradient 60 mm Hg or higher



c. A low surgical risk
2. AVR is reasonable in apparently asymptomatic patients with severe AS (stage C1) with (Otto et al., 1997; Marechaux et al., 2010) (Level

of Evidence: B):
a. A calcified aortic valve
b. An aortic velocity of 4.0 m per second to 4.9 m per second or mean pressure gradient of 40 mm Hg to 59 mm Hg
c. An exercise test demonstrating decreased exercise tolerance or a fall in systolic blood pressure (BP)

3. AVR is reasonable in symptomatic patients with low-flow/low-gradient severe AS with reduced LVEF (stage D2) with a (Nishimura et al.,
2002; Monin et al., 2003; Fougeres et al., 2012) (Level of Evidence: B):

a. Calcified aortic valve with reduced systolic opening

b. Resting valve area 1.0 cm2 or less
c. Aortic velocity less than 4 m per second or mean pressure gradient less than 40 mm Hg
d. LVEF less than 50%
e. A low-dose dobutamine stress study that shows an aortic velocity 4 m per second or greater or mean pressure gradient 40 mm Hg or

higher with a valve area 1.0 cm2 or less at any dobutamine dose
4. AVR is reasonable in symptomatic patients with low-flow/low-gradient severe AS (stage D3) with an LVEF 50% or greater, a calcified

aortic valve with significantly reduced leaflet motion, and a valve area 1.0 cm2 or less only if clinical, hemodynamic, and anatomic data
support valve obstruction as the most likely cause of symptoms and data recorded when the patient is normotensive (systolic BP <140 mm
Hg) indicate (Level of Evidence: C):

a. An aortic velocity less than 4 m per second or mean pressure gradient less than 40 mm Hg

b. A stroke volume index less than 35 mL/m2

c. An indexed valve area 0.6 cm2/m2 or less
5. AVR is reasonable for patients with moderate AS (stage B) with an aortic velocity between 3.0 m per second and 3.9 m per second or

mean pressure gradient between 20 mm Hg and 39 mm Hg who are undergoing cardiac surgery for other indications. (Level of Evidence:
C)

Class IIb

1. AVR may be considered for asymptomatic patients with severe AS (stage C1) with an aortic velocity 4.0 m per second or greater or mean
pressure gradient 40 mm Hg or higher if the patient is at low surgical risk and serial testing shows an increase in aortic velocity 0.3 m per
second or greater per year. (Level of Evidence: C)

Choice of Intervention

Class I

1. Surgical AVR is recommended in patients who meet an indication for AVR with low or intermediate surgical risk (O'Brien et al., 2009;
Horstkotte & Loogen, 1988). (Level of Evidence: A)

2. For patients in whom transcatheter aortic valve replacement (TAVR) or high-risk surgical AVR is being considered, a Heart Valve Team
consisting of an integrated, multidisciplinary group of healthcare professionals with expertise in VHD, cardiac imaging, interventional
cardiology, cardiac anesthesia, and cardiac surgery should collaborate to provide optimal patient care. (Level of Evidence: C)

3. TAVR is recommended in patients who meet an indication for AVR who have a prohibitive risk for surgical AVR and a predicted post-
TAVR survival greater than 12 months (Kodali et al., 2012; Leon et al., 2010). (Level of Evidence: B)

Class IIa

1. TAVR is a reasonable alternative to surgical AVR in patients who meet an indication for AVR and who have high surgical risk for surgical
AVR (Makkar et al., 2012; Smith et al., 2011). (Level of Evidence: B)

Class IIb

1. Percutaneous aortic balloon dilation may be considered as a bridge to surgical AVR or TAVR in patients with severe symptomatic AS.
(Level of Evidence: C)

Class III: No Benefit

1. TAVR is not recommended in patients in whom existing comorbidities would preclude the expected benefit from correction of AS (Kodali
et al., 2012). (Level of Evidence: B)



Aortic Regurgitation (AR)

Chronic AR

Diagnosis and Follow-up

Diagnostic Testing–Initial Diagnosis

Class I

1. TTE is indicated in patients with signs or symptoms of AR (stages A to D) for accurate diagnosis of the cause of regurgitation, regurgitant
severity, and LV size and systolic function, and for determining clinical outcome and timing of valve intervention (Bonow et al., 1991;
Detaint et al., 2008; Pizarro et al., 2011; Teague et al., 1986; Bonow et al., 1983; Scognamiglio, Fasoli, & Dalla, 1986; Siemienczuk et al.,
1989; Tornos et al., 1995; Ishii et al., 1996; Scognamiglio et al., 1994; Borer et al., 1998). (Level of Evidence: B)

2. TTE is indicated in patients with dilated aortic sinuses or ascending aorta or with a bicuspid aortic valve (stages A and B) to evaluate the
presence and severity of AR (Attenhofer et al., 2000). (Level of Evidence: B)

3. Cardiac magnetic resonance (CMR) is indicated in patients with moderate or severe AR (stages B, C, and D) and suboptimal
echocardiographic images for the assessment of LV systolic function, systolic and diastolic volumes, and measurement of AR severity
(Gelfand et al., 2006; Cawley et al., 2013). (Level of Evidence: B)

Medical Therapy

Class I

1. Treatment of hypertension (systolic BP >140 mm Hg) is recommended in patients with chronic AR (stages B and C), preferably with
dihydropyridine calcium channel blockers or angiotensin-converting enzyme (ACE) inhibitors/angiotensin-receptor blockers (ARBs)
(Scognamiglio et al., 1994; Evangelista et al., 2005). (Level of Evidence: B)

Class IIa

1. Medical therapy with ACE inhibitors/ARBs and beta blockers is reasonable in patients with severe AR who have symptoms and/or LV
dysfunction (stages C2 and D) when surgery is not performed because of comorbidities (Sondergaard et al., 2000; Elder et al., 2011).
(Level of Evidence: B)

Timing of Intervention

Class I

1. AVR is indicated for symptomatic patients with severe AR regardless of LV systolic function (stage D) (Dujardin et al., 1999; Greves et al.,
1981; Klodas et al., 1997). (Level of Evidence: B)

2. AVR is indicated for asymptomatic patients with chronic severe AR and LV systolic dysfunction (LVEF <50%) at rest (stage C2) if no
other cause for systolic dysfunction is identified (Forman, Firth, & Barnard, 1980; Greves et al., 1981; Chaliki et al., 2002; Bhudia et al.,
2007). (Level of Evidence: B)

3. AVR is indicated for patients with severe AR (stage C or D) while undergoing cardiac surgery for other indications. (Level of Evidence: C)

Class IIa

1. AVR is reasonable for asymptomatic patients with severe AR with normal LV systolic function (LVEF ≥50%) but with severe LV dilation

(left ventricular end-systolic dimension [LVESD] >50 mm or indexed LVESD >25 mm/m2) (stage C2) (Van Rossum et al., 1988; Bonow
et al., 1988; Gaasch et al., 1983). (Level of Evidence: B)

2. AVR is reasonable in patients with moderate AR (stage B) while undergoing surgery on the ascending aorta, coronary artery bypass graft
(CABG), or mitral valve surgery. (Level of Evidence: C)

Class IIb

1. AVR may be considered for asymptomatic patients with severe AR and normal LV systolic function at rest (LVEF ≥50%, stage C1) but
with progressive severe LV dilatation (LV end-diastolic dimension >65 mm) if surgical risk is low. (Level of Evidence: C)

Bicuspid Aortic Valve and Aortopathy

Bicuspid Aortic Valve



Diagnosis and Follow-up

Diagnostic Testing–Initial Diagnosis

Class I

1. An initial TTE is indicated in patients with a known bicuspid aortic valve to evaluate valve morphology, to measure the severity of AS and
AR, and to assess the shape and diameter of the aortic sinuses and ascending aorta for prediction of clinical outcome and to determine
timing of intervention (Pachulski, Weinberg, & Chan, 1991; Hahn et al., 1992; Nistri et al., 1999; Keane et al., 2000; Novaro et al., 2003;
Schaefer et al., 2008). (Level of Evidence: B)

2. Aortic magnetic resonance angiography or computed tomography (CT) angiography is indicated in patients with a bicuspid aortic valve
when morphology of the aortic sinuses, sinotubular junction, or ascending aorta cannot be assessed accurately or fully by echocardiography.
(Level of Evidence: C)

Diagnostic Testing–Routine Follow-up

1. Serial evaluation of the size and morphology of the aortic sinuses and ascending aorta by echocardiography, CMR, or CT angiography is
recommended in patients with a bicuspid aortic valve and an aortic diameter greater than 4.0 cm, with the examination interval determined
by the degree and rate of progression of aortic dilation and by family history. In patients with an aortic diameter greater than 4.5 cm, this
evaluation should be performed annually. (Level of Evidence: C)

Intervention

Note: The following 3 recommendations (Class I and Class IIa below) on surgery for aortic dilatation in patients with bicuspid aortic valves have
been updated and replaced. See the ACC/AHA Statement of Clarification in the "Availability of Companion Documents" field for further
information, including the updated recommendations.

Class I

1. Operative intervention to repair the aortic sinuses or replace the ascending aorta is indicated in patients with a bicuspid aortic valve if the
diameter of the aortic sinuses or ascending aorta is greater than 5.5 cm (Tzemos et al., 2008; Michelena et al., 2011; Davies et al., 2002).
(Level of Evidence: B)

Class IIa

1. Operative intervention to repair the aortic sinuses or replace the ascending aorta is reasonable in patients with bicuspid aortic valves if the
diameter of the aortic sinuses or ascending aorta is greater than 5.0 cm and a risk factor for dissection is present (family history of aortic
dissection or if the rate of increase in diameter is ≥0.5 cm per year). (Level of Evidence: C)

2. Replacement of the ascending aorta is reasonable in patients with a bicuspid aortic valve who are undergoing aortic valve surgery because of
severe AS or AR if the diameter of the ascending aorta is greater than 4.5 cm. (Level of Evidence: C)

Mitral Stenosis (MS)

Rheumatic MS

Diagnosis and Follow-up

Diagnostic Testing–Initial Diagnosis

Class I

1. TTE is indicated in patients with signs or symptoms of MS to establish the diagnosis, quantify hemodynamic severity (mean pressure
gradient, mitral valve area, and pulmonary artery pressure), assess concomitant valvular lesions, and demonstrate valve morphology (to
determine suitability for mitral commissurotomy) (Baumgartner et al., 2009; Sugeng et al., 2003; Schlosshan et al., 2011; Leavitt, Coat, &
Falk, 1991; Chung, Karamanoglu, & Kovacs, 2004; Zoghbi et al., 2009; Wilkins et al., 1988; Abascal et al., 1990; Cannan et al., 1997;
Thomas et al., 1988). (Level of Evidence: B)

2. TEE should be performed in patients considered for percutaneous mitral balloon commissurotomy to assess the presence or absence of left
atrial thrombus and to further evaluate the severity of mitral regurgitation (MR) (Schlosshan et al., 2011; Ellis et al., 2006; Kronzon et al.,
1990; Tessier et al., 1994). (Level of Evidence: B)



Diagnostic Testing–Exercise Testing

1. Exercise testing with Doppler or invasive hemodynamic assessment is recommended to evaluate the response of the mean mitral gradient
and pulmonary artery pressure in patients with MS when there is a discrepancy between resting Doppler echocardiographic findings and
clinical symptoms or signs. (Level of Evidence: C)

Medical Therapy

Class I

1. Anticoagulation (vitamin K antagonist [VKA] or heparin) is indicated in patients with 1) MS and atrial fibrillation (AF) (paroxysmal,
persistent, or permanent), 2) MS and a prior embolic event, or 3) MS and a left atrial thrombus (Wilson & Greenwood, 1954; Rowe et al.,
1960; Olesen, 1962; Szekely, 1964; Perez-Gomez et al., 2004; Omran et al., 2000; Singer et al., 2008). (Level of Evidence: B)

Class IIa

1. Heart rate control can be beneficial in patients with MS and AF and fast ventricular response. (Level of Evidence: C)

Class IIb

1. Heart rate control may be considered for patients with MS in normal sinus rhythm and symptoms associated with exercise (Stoll et al.,
1995; Monmeneu Menadas et al., 2002). (Level of Evidence: B)

Intervention

Class I

1. Percutaneous mitral balloon commissurotomy is recommended for symptomatic patients with severe MS (mitral valve area ≤1.5 cm2, stage
D) and favorable valve morphology in the absence of left atrial thrombus or moderate-to-severe MR (Arora et al., 1993; Turi et al., 1991;
Patel et al., 1991; Ben Farhat et al., 1998; Cotrufo et al., 1999; Reyes et al., 1994; Bouleti et al., 2012). (Level of Evidence: A)

2. Mitral valve surgery (repair, commissurotomy, or valve replacement) is indicated in severely symptomatic patients (NYHA class III to IV)

with severe MS (mitral valve area ≤1.5 cm2, stage D) who are not high risk for surgery and who are not candidates for or who have failed
previous percutaneous mitral balloon commissurotomy (Ellis et al., 1973; John et al., 1983; Finnegan et al., 1974; Mullin et al., 1974;
Halseth et al., 1980; Gross et al., 1981). (Level of Evidence: B)

3. Concomitant mitral valve surgery is indicated for patients with severe MS (mitral valve area ≤1.5 cm2, stage C or D) undergoing cardiac
surgery for other indications. (Level of Evidence: C)

Class IIa

1. Percutaneous mitral balloon commissurotomy is reasonable for asymptomatic patients with very severe MS (mitral valve area ≤1.0 cm2,
stage C) and favorable valve morphology in the absence of left atrial thrombus or moderate-to-severe MR (Abascal et al., 1990; Iung et al.,
1996; Arat et al., 2008; Vincens et al., 1995). (Level of Evidence: C)

2. Mitral valve surgery is reasonable for severely symptomatic patients (NYHA class III to IV) with severe MS (mitral valve area ≤1.5 cm2,
stage D), provided there are other operative indications (e.g., aortic valve disease, coronary artery disease [CAD], tricuspid regurgitation
[TR], aortic aneurysm). (Level of Evidence: C)

Class IIb

1. Percutaneous mitral balloon commissurotomy may be considered for asymptomatic patients with severe MS (mitral valve area ≤1.5 cm2,
stage C) and valve morphology favorable for percutaneous mitral balloon commissurotomy in the absence of left atrial thrombus or
moderate-to-severe MR who have new onset of AF. (Level of Evidence: C)

2. Percutaneous mitral balloon commissurotomy may be considered for symptomatic patients with mitral valve area greater than 1.5 cm2 if
there is evidence of hemodynamically significant MS based on pulmonary artery wedge pressure greater than 25 mm Hg or mean mitral
valve gradient greater than 15 mm Hg during exercise. (Level of Evidence: C)

3. Percutaneous mitral balloon commissurotomy may be considered for severely symptomatic patients (NYHA class III to IV) with severe MS

(mitral valve area ≤1.5 cm2, stage D) who have a suboptimal valve anatomy and who are not candidates for surgery or at high risk for
surgery. (Level of Evidence: C)



4. Concomitant mitral valve surgery may be considered for patients with moderate MS (mitral valve area 1.6 cm2 to 2.0 cm2) undergoing
cardiac surgery for other indications. (Level of Evidence: C)

5. Mitral valve surgery and excision of the left atrial appendage may be considered for patients with severe MS (mitral valve area ≤1.5 cm2,
stages C and D) who have had recurrent embolic events while receiving adequate anticoagulation. (Level of Evidence: C)

Mitral Regurgitation

Chronic Primary MR

Diagnosis and Follow-up

Diagnostic Testing–Initial Diagnosis

Class I

1. TTE is indicated for baseline evaluation of LV size and function, right ventricular (RV) function and left atrial size, pulmonary artery pressure,
and mechanism and severity of primary MR (stages A to D) in any patient suspected of having chronic primary MR (Zoghbi et al., 2003;
Enriquez-Sarano et al., 2005; Rosenhek et al., 2006; Recusani et al., 1991; Bargiggia et al., 1991; Rivera et al., 1992; Crawford et al.,
1990; Enriquez-Sarano et al., "Echocardiographic prediction of survival," 1994; Tribouilloy et al., "Survival," 2009; Grigioni et al., 2008;
Ghoreishi et al., 2011; Rozich et al., 1992; Tribouilloy et al., 1999; Pflugfelder et al., 1989; Pu et al., 2001; Pu et al., 1996; Lang et al.,
2012; Witkowski et al., 2013; Magne et al., 2012). (Level of Evidence: B)

2. CMR is indicated in patients with chronic primary MR to assess LV and RV volumes, function, or MR severity and when these issues are
not satisfactorily addressed by TTE (Pflugfelder et al., 1989; Ozdogan et al., 2009; Myerson, Francis, & Neubauer, 2010). (Level of
Evidence: B)

3. Intraoperative TEE is indicated to establish the anatomic basis for chronic primary MR (stages C and D) and to guide repair (Dahm et al.,
1987; Saiki et al., 1998). (Level of Evidence: B)

4. TEE is indicated for evaluation of patients with chronic primary MR (stages B to D) in whom noninvasive imaging provides nondiagnostic
information about severity of MR, mechanism of MR, and/or status of LV function. (Level of Evidence: C)

Diagnostic Testing–Exercise Testing

Class IIa

1. Exercise hemodynamics with either Doppler echocardiography or cardiac catheterization is reasonable in symptomatic patients with chronic
primary MR where there is a discrepancy between symptoms and the severity of MR at rest (stages B and C) (Tischler et al., 1994; Magne
et al., 2010). (Level of Evidence: B)

2. Exercise treadmill testing can be useful in patients with chronic primary MR to establish symptom status and exercise tolerance (stages B
and C). (Level of Evidence: C)

Medical Therapy

Class IIa

1. Medical therapy for systolic dysfunction is reasonable in symptomatic patients with chronic primary MR (stage D) and LVEF less than 60%
in whom surgery is not contemplated (Tsutsui et al., 1994; Varadarajan et al., 2008; Ahmed et al., 2012; Nemoto et al., 2002; Schon,
1994). (Level of Evidence: B)

Class III: No Benefit

1. Vasodilator therapy is not indicated for normotensive asymptomatic patients with chronic primary MR (stages B and C1) and normal
systolic LV function (Schon, 1994; Tischler, Rowan, & LeWinter, 1998; Wisenbaugh et al., 1994; Dujardin et al., 2001; Harris, Aeppli, &
Carey, 2005; Kizilbash et al., 1998). (Level of Evidence: B)

Intervention

Class I

1. Mitral valve surgery is recommended for symptomatic patients with chronic severe primary MR (stage D) and LVEF greater than 30%
(Tribouilloy et al., 1999; Gillinov et al., 2010). (Level of Evidence: B)

2. Mitral valve surgery is recommended for asymptomatic patients with chronic severe primary MR and LV dysfunction (LVEF 30% to 60%



and/or LVESD ≥40 mm, stage C2) (Crawford et al., 1990; Enriquez-Sarano et al., Echocardiographic assessment of survival," 1994;
Tribouilloy et al., "Survival," 2009; Grigioni et al., 2008; Grigioni et al., 1999; Schuler et al., 1979; Starling, 1995). (Level of Evidence: B)

3. Mitral valve repair is recommended in preference to MVR when surgical treatment is indicated for patients with chronic severe primary MR
limited to the posterior leaflet (Gammie et al., 2009; Rozich et al., 1992; Rushmer, 1956; Hansen et al., 1989; Sarris et al., 1988; Goldman
et al., 1987; David et al., 1984; Hennein et al., 1990; Cohn, 1988; Cosgrove et al., 1986; "STS online risk calculator," 2013; David et al.,
1983; Horskotte et al., 1993; Vassileva et al., 2013; Braunberger et al., 2001; David et al., 2005; McClure et al., 2013). (Level of
Evidence: B)

4. Mitral valve repair is recommended in preference to mitral valve replacement (MVR) when surgical treatment is indicated for patients with
chronic severe primary MR involving the anterior leaflet or both leaflets when a successful and durable repair can be accomplished (Bolling
et al., 2010; Braunberger et al., 2001; David et al., 2005; McClure et al., 2013; Chikwe et al., 2011; Badhwar et al., 2012; Grossi et al.,
1998; Chauvaud et al., 2001). (Level of Evidence: B)

5. Concomitant mitral valve repair or MVR is indicated in patients with chronic severe primary MR undergoing cardiac surgery for other
indications (Gillinov et al., 2003). (Level of Evidence: B)

Class IIa

1. Mitral valve repair is reasonable in asymptomatic patients with chronic severe primary MR (stage C1) with preserved LV function (LVEF
>60% and LVESD <40 mm) in whom the likelihood of a successful and durable repair without residual MR is greater than 95% with an
expected mortality rate of less than 1% when performed at a Heart Valve Center of Excellence (Rosenhek et al., 2006; Bolling et al., 2010;
Kang et al., 2009; Gillinov et al., 2008; Duran et al., 1994; Suri et al., 2013; Suri et al., 2009). (Level of Evidence: B)

2. Mitral valve repair is reasonable for asymptomatic patients with chronic severe nonrheumatic primary MR (stage C1) and preserved LV
function (LVEF >60% and LVESD <40 mm) in whom there is a high likelihood of a successful and durable repair with 1) new onset of AF
or 2) resting pulmonary hypertension (pulmonary artery systolic arterial pressure >50 mm Hg) (Ghoreishi et al., 2011; Kang et al., 2009;
Ngaage et al., 2007; Raine, Dark, & Bourke, 2004; Cox, 1991; Kobayashi et al., 1996; Kawaguchi et al., 1996; Olasinska-Wisniewska et
al., 2012). (Level of Evidence: B)

3. Concomitant mitral valve repair is reasonable in patients with chronic moderate primary MR (stage B) when undergoing cardiac surgery for
other indications. (Level of Evidence: C)

Class IIb

1. Mitral valve surgery may be considered in symptomatic patients with chronic severe primary MR and LVEF less than or equal to 30%
(stage D). (Level of Evidence: C)

2. Mitral valve repair may be considered in patients with rheumatic mitral valve disease when surgical treatment is indicated if a durable and
successful repair is likely or when the reliability of long-term anticoagulation management is questionable (Bolling et al., 2010; Vassileva et
al., 2013; Chauvaud et al., 2001). (Level of Evidence: B)

3. Transcatheter mitral valve repair may be considered for severely symptomatic patients (NYHA class III to IV) with chronic severe primary
MR (stage D) who have favorable anatomy for the repair procedure and a reasonable life expectancy but who have a prohibitive surgical
risk because of severe comorbidities and remain severely symptomatic despite optimal GDMT for HF (Feldman et al., 2011). (Level of
Evidence: B)

Class III: Harm

1. MVR should not be performed for the treatment of isolated severe primary MR limited to less than one half of the posterior leaflet unless
mitral valve repair has been attempted and was unsuccessful (Gammie et al., 2009; Braunberger et al., 2001; David et al., 2005; McClure
et al., 2013). (Level of Evidence: B)

Chronic Secondary MR

Diagnosis and Follow-up

Class I

1. TTE is useful to establish the etiology of chronic secondary MR (stages B to D) and the extent and location of wall motion abnormalities and
to assess global LV function, severity of MR, and magnitude of pulmonary hypertension. (Level of Evidence: C)

2. Noninvasive imaging (stress nuclear/positron emission tomography, CMR, or stress echocardiography), cardiac CT angiography, or cardiac
catheterization, including coronary arteriography, is useful to establish etiology of chronic secondary MR (stages B to D) and/or to assess
myocardial viability, which in turn may influence management of functional MR. (Level of Evidence: C)



Medical Therapy

Class I

1. Patients with chronic secondary MR (stages B–D) and HF with reduced LVEF should receive standard GDMT therapy for HF, including
ACE inhibitors, ARBs, beta blockers, and/or aldosterone antagonists as indicated (Rowe et al., 1960; "Effect of enalapril," 1992; Granger
et al., 2003; Eriksson et al., 1994; Pitt et al., 1999; Krum et al., 2003). (Level of Evidence: A)

2. Cardiac resynchronization therapy with biventricular pacing is recommended for symptomatic patients with chronic severe secondary MR
(stages B–D) who meet the indications for device therapy (St John Sutton et al., 2003; van Bommel et al., 2011). (Level of Evidence: A)

Intervention

Class IIa

1. Mitral valve surgery is reasonable for patients with chronic severe secondary MR (stages C and D) who are undergoing CABG or AVR.
(Level of Evidence: C)

Class IIb

1. Mitral valve repair or replacement may be considered for severely symptomatic patients (NYHA class III–IV) with chronic severe
secondary MR (stage D) who have persistent symptoms despite optimal GDMT for HF (Grigioni et al., 2001; Lancellotti, Gerard, &
Pierard, 2005; Trichon et al., 2003; Rossi et al., 2011; Fattouch et al., 2009; Mihaljevic et al., 2007; Wu et al., 2005; Harris et al., 2002;
Benedetto et al., 2009; Deja et al., 2012; Cohn et al., 1995; Chan et al., 2012). (Level of Evidence: B)

2. Mitral valve repair may be considered for patients with chronic moderate secondary MR (stage B) who are undergoing other cardiac
surgery. (Level of Evidence: C)

Tricuspid Valve Disease

Tricuspid Regurgitation

Diagnosis and Follow-up

Class I

1. TTE is indicated to evaluate severity of TR, determine etiology, measure sizes of right-sided chambers and inferior vena cava, assess RV
systolic function, estimate pulmonary artery systolic pressure, and characterize any associated left-sided heart disease. (Level of Evidence:
C)

Class IIa

1. Invasive measurement of pulmonary artery pressures and pulmonary vascular resistance can be useful in patients with TR when clinical and
noninvasive data regarding their values are discordant. (Level of Evidence: C)

Class IIb

1. CMR or real-time 3-dimensional (3D) echocardiography may be considered for assessment of RV systolic function and systolic and
diastolic volumes in patients with severe TR (stages C and D) and suboptimal 2-dimensional (2D) echocardiograms. (Level of Evidence:
C)

2. Exercise testing may be considered for the assessment of exercise capacity in patients with severe TR with no or minimal symptoms (stage
C). (Level of Evidence: C)

Medical Therapy

Class IIa

1. Diuretics can be useful for patients with severe TR and signs of right-sided HF (stage D). (Level of Evidence: C)

Class IIb

1. Medical therapies to reduce elevated pulmonary artery pressures and/or pulmonary vascular resistance might be considered in patients with
severe functional TR (stages C and D). (Level of Evidence: C)



Intervention

Class I

1. Tricuspid valve surgery is recommended for patients with severe TR (stages C and D) undergoing left-sided valve surgery. (Level of
Evidence: C)

Class IIa

1. Tricuspid valve repair can be beneficial for patients with mild, moderate, or greater functional TR (stage B) at the time of left-sided valve
surgery with either 1) tricuspid annular dilation or 2) prior evidence of right HF (Dreyfus et al., 2005; Van de Veire et al., 2011; Benedetto
et al., 2012; Chan et al., 2009; Calafiore et al., 2009; Di Mauro et al., 2009; Yilmaz et al., 2011; Calafiore et al., 2011; Navia et al., 2012;
Kim et al., 2012). (Level of Evidence: B)

2. Tricuspid valve surgery can be beneficial for patients with symptoms due to severe primary TR that are unresponsive to medical therapy
(stage D). (Level of Evidence: C)

Class IIb

1. Tricuspid valve repair may be considered for patients with moderate functional TR (stage B) and pulmonary artery hypertension at the time
of left-sided valve surgery. (Level of Evidence: C)

2. Tricuspid valve surgery may be considered for asymptomatic or minimally symptomatic patients with severe primary TR (stage C) and
progressive degrees of moderate or greater RV dilation and/or systolic dysfunction. (Level of Evidence: C)

3. Reoperation for isolated tricuspid valve repair or replacement may be considered for persistent symptoms due to severe TR (stage D) in
patients who have undergone previous left-sided valve surgery and who do not have severe pulmonary hypertension or significant RV
systolic dysfunction. (Level of Evidence: C)

Tricuspid Stenosis (TS)

Diagnosis and Follow-up

Class I

1. TTE is indicated in patients with TS to assess the anatomy of the valve complex, evaluate severity of stenosis, and characterize any
associated regurgitation and/or left-sided valve disease. (Level of Evidence: C)

Class IIb

1. Invasive hemodynamic assessment of severity of TS may be considered in symptomatic patients when clinical and noninvasive data are
discordant. (Level of Evidence: C)

Intervention

Class I

1. Tricuspid valve surgery is recommended for patients with severe TS at the time of operation for left-sided valve disease. (Level of
Evidence: C)

2. Tricuspid valve surgery is recommended for patients with isolated, symptomatic severe TS. (Level of Evidence: C)

Class IIb

1. Percutaneous balloon tricuspid commissurotomy might be considered in patients with isolated, symptomatic severe TS without
accompanying TR. (Level of Evidence: C)

Prosthetic Valves

Evaluation and Selection of Prosthetic Valves

Diagnosis and Follow-up

Class I

1. An initial TTE study is recommended in patients after prosthetic valve implantation for evaluation of valve hemodynamics (Burstow et al.,



1989; Baumgartner et al., 1992; Vandervoort et al., 1995; Dumesnil et al., 1990). (Level of Evidence: B)
2. Repeat TTE is recommended in patients with prosthetic heart valves if there is a change in clinical symptoms or signs suggesting valve

dysfunction. (Level of Evidence: C)
3. TEE is recommended when clinical symptoms or signs suggest prosthetic valve dysfunction. (Level of Evidence: C)

Class IIa

1. Annual TTE is reasonable in patients with a bioprosthetic valve after the first 10 years, even in the absence of a change in clinical status.
(Level of Evidence: C)

Intervention

Class I

1. The choice of valve intervention, that is, repair or replacement, as well as type of prosthetic heart valve, should be a shared decision-making
process that accounts for the patient's values and preferences, with full disclosure of the indications for and risks of anticoagulant therapy
and the potential need for and risk of reoperation. (Level of Evidence: C)

2. A bioprosthesis is recommended in patients of any age for whom anticoagulant therapy is contraindicated, cannot be managed
appropriately, or is not desired. (Level of Evidence: C)

Class IIa

1. A mechanical prosthesis is reasonable for AVR or MVR in patients less than 60 years of age who do not have a contraindication to
anticoagulation (Hammermeister et al., 2000; Badhwar et al., 2012; Weber et al., 2012). (Level of Evidence: B)

2. A bioprosthesis is reasonable in patients more than 70 years of age (Banbury et al., 2002; Dellgren et al., 2002; Borger et al., 2006; Myken
& Bech-Hansen, 2009). (Level of Evidence: B)

3. Either a bioprosthetic or mechanical valve is reasonable in patients between 60 and 70 years of age (Oxenham et al., 2003; Stassano et al.,
2009). (Level of Evidence: B)

Class IIb

1. Replacement of the aortic valve by a pulmonary autograft (the Ross procedure), when performed by an experienced surgeon, may be
considered in young patients when VKA anticoagulation is contraindicated or undesirable. (Level of Evidence: C)

Antithrombotic Therapy for Prosthetic Valves

Medical Therapy

Class I

1. Anticoagulation with a VKA and international normalized ratio (INR) monitoring is recommended in patients with a mechanical prosthetic
valve (Cannegieter, Rosendaal, & Briet, 1994; Stein et al., 2001; Schlitt et al., 2003). (Level of Evidence: A)

2. Anticoagulation with a VKA to achieve an INR of 2.5 is recommended in patients with a mechanical AVR (bileaflet or current-generation
single tilting disc) and no risk factors for thromboembolism (Torella et al., 2010; Hering et al., 2005; Acar et al., 1996). (Level of
Evidence: B)

3. Anticoagulation with a VKA is indicated to achieve an INR of 3.0 in patients with a mechanical AVR and additional risk factors for
thromboembolic events (AF, previous thromboembolism, LV dysfunction, or hypercoagulable conditions) or an older-generation
mechanical AVR (such as ball-in-cage) (Horstkotte, Scharf, & Schultheiss, 1995). (Level of Evidence: B)

4. Anticoagulation with a VKA is indicated to achieve an INR of 3.0 in patients with a mechanical MVR (Horstkotte, Scharf, & Schultheiss,
1995; Pruefer, Dahm, & Dohmen, 2001). (Level of Evidence: B)

5. Aspirin 75 mg to 100 mg daily is recommended in addition to anticoagulation with a VKA in patients with a mechanical valve prosthesis
(Meschengieser et al., 1997; Turpie et al., 1993). (Level of Evidence: A)

Class IIa

1. Aspirin 75 mg to 100 mg per day is reasonable in all patients with a bioprosthetic aortic or mitral valve (Heras et al., 1995; Colli et al.,
2007; Aramendi et al., 2005; Nunez et al., 1984). (Level of Evidence: B)

2. Anticoagulation with a VKA is reasonable for the first 3 months after bioprosthetic MVR or repair to achieve an INR of 2.5 (Russo et al.,
2008). (Level of Evidence: C)



Class IIb

1. Anticoagulation, with a VKA, to achieve an INR of 2.5 may be reasonable for the first 3 months after bioprosthetic AVR (Merie et al.,
2012). (Level of Evidence: B)

2. Clopidogrel 75 mg daily may be reasonable for the first 6 months after TAVR in addition to life-long aspirin 75 mg to 100 mg daily. (Level
of Evidence: C)

Class III: Harm

1. Anticoagulant therapy with oral direct thrombin inhibitors or anti-Xa agents should not be used in patients with mechanical valve prostheses
("FDA Drug Safety Communication," 2012; Van de Werf et al., 2012; Eikelboom et al., 2013). (Level of Evidence: B)

Bridging Therapy for Prosthetic Valves

Medical Therapy

Class I

1. Continuation of VKA anticoagulation with a therapeutic INR is recommended in patients with mechanical heart valves undergoing minor
procedures (such as dental extractions or cataract removal) where bleeding is easily controlled. (Level of Evidence: C)

2. Temporary interruption of VKA anticoagulation, without bridging agents while the INR is subtherapeutic, is recommended in patients with a
bileaflet mechanical AVR and no other risk factors for thrombosis who are undergoing invasive or surgical procedures. (Level of Evidence:
C)

3. Bridging anticoagulation with either intravenous unfractionated heparin (UFH) or subcutaneous low-molecular-weight heparin (LMWH) is
recommended during the time interval when the INR is subtherapeutic preoperatively in patients who are undergoing invasive or surgical
procedures with a 1) mechanical AVR and any thromboembolic risk factor, 2) older-generation mechanical AVR, or 3) mechanical MVR.
(Level of Evidence: C)

Class IIa

1. Administration of fresh frozen plasma or prothrombin complex concentrate is reasonable in patients with mechanical valves receiving VKA
therapy who require emergency noncardiac surgery or invasive procedures. (Level of Evidence: C)

Excessive Anticoagulation and Serious Bleeding with Prosthetic Valves

Class IIa

1. Administration of fresh frozen plasma or prothrombin complex concentrate is reasonable in patients with mechanical valves and
uncontrollable bleeding who require reversal of anticoagulation (Weibert et al., 1997; Yiu et al., 2006). (Level of Evidence: B)

Prosthetic Valve Thrombosis

Diagnosis and Follow-up

Class I

1. TTE is indicated in patients with suspected prosthetic valve thrombosis to assess hemodynamic severity and follow resolution of valve
dysfunction (Barbetseas et al., 1998; Tong et al., 2004). (Level of Evidence: B)

2. TEE is indicated in patients with suspected prosthetic valve thrombosis to assess thrombus size and valve motion (Tong et al., 2004;
Roudaut, Serri, & Lafitte, 2007; Deviri et al., 1991). (Level of Evidence: B)

Class IIa

1. Fluoroscopy or CT is reasonable in patients with suspected valve thrombosis to assess valve motion. (Level of Evidence: C)

Medical Therapy

Class IIa

1. Fibrinolytic therapy is reasonable for patients with a thrombosed left-sided prosthetic heart valve, recent onset (<14 days) of NYHA class I

to II symptoms, and a small thrombus (<0.8 cm2) (Tong et al., 2004; Roudaut et al., 2003). (Level of Evidence: B)



2. Fibrinolytic therapy is reasonable for thrombosed right-sided prosthetic heart valves (Keuleers et al., 2011; Caceres-Loriga et al., 2006).
(Level of Evidence: B)

Intervention

Class I

1. Emergency surgery is recommended for patients with a thrombosed left-sided prosthetic heart valve with NYHA class III to IV symptoms
(Roudaut et al., 2009; Keuleers et al., 2011; Karthikeyan et al., 2013). (Level of Evidence: B)

Class IIa

1. Emergency surgery is reasonable for patients with a thrombosed left-sided prosthetic heart valve with a mobile or large thrombus (>0.8

cm2) (Tong et al., 2004; Deviri et al., 1991; Roudaut et al., 2009). (Level of Evidence: C)

Prosthetic Valve Stenosis

Intervention

Class I

1. Repeat valve replacement is indicated for severe symptomatic prosthetic valve stenosis. (Level of Evidence: C)

Prosthetic Valve Regurgitation

Intervention

Class I

1. Surgery is recommended for operable patients with mechanical heart valves with intractable hemolysis or HF due to severe prosthetic or
paraprosthetic regurgitation (Miller et al., 1995; Akins et al., 2005). (Level of Evidence: B)

Class IIa

1. Surgery is reasonable for operable patients with severe symptomatic or asymptomatic bioprosthetic regurgitation. (Level of Evidence: C)
2. Percutaneous repair of paravalvular regurgitation is reasonable in patients with prosthetic heart valves and intractable hemolysis or NYHA

class III/IV HF who are at high risk for surgery and have anatomic features suitable for catheter-based therapy when performed in centers
with expertise in the procedure (Sorajja et al., "Percutaneous," 2011; Ruiz et al., 2011; Sorajja et al., "Long-term," 2011). (Level of
Evidence: B)

Infective Endocarditis

Diagnosis and Follow-up

Class I

1. At least 2 sets of blood cultures should be obtained in patients at risk for IE (e.g., those with congenital or acquired VHD, previous IE,
prosthetic heart valves, certain congenital or heritable heart malformations, immunodeficiency states, or injection drug users) who have
unexplained fever for more than 48 hours (Lopez et al., 2013) (Level of Evidence: B) or patients with newly diagnosed left-sided valve
regurgitation. (Level of Evidence: C)

2. The Modified Duke Criteria should be used in evaluating a patient with suspected IE (see Tables 24 and 25 in the original guideline
document) (Durack, Lukes, & Bright, 1994; Kupferwasser et al., 2001; Li et al., 2000; Perez-Vazquez et al., 2000). (Level of Evidence:
B)

3. Patients with IE should be evaluated and managed with consultation of a multispecialty Heart Valve Team including an infectious disease
specialist, cardiologist, and cardiac surgeon. In surgically managed patients, this team should also include a cardiac anesthesiologist
(Botelho-Nevers et al., 2009). (Level of Evidence: B)

4. TTE is recommended in patients with suspected IE to identify vegetations, characterize the hemodynamic severity of valvular lesions, assess
ventricular function and pulmonary pressures, and detect complications (Mugge et al., 1989; Burger et al., 1991; Irani, Grayburn, & Afridi,
1996; Liu et al., 2009; Kemp, Citrin, & Byrd, 1999). (Level of Evidence: B)

5. TEE is recommended in all patients with known or suspected IE when TTE is nondiagnostic, when complications have developed or are
clinically suspected, or when intracardiac device leads are present (Erbel et al., 1988; Daniel et al., 1991; Sochowski & Chan, 1993;



Shively et al., 1991; Pedersen et al., 1991; Ronderos et al., 2004; Roe et al., 2000; Karalis et al., 1992; El-Ahdab et al., 2005). (Level of
Evidence: B)

6. TTE and/or TEE are recommended for re-evaluation of patients with IE who have a change in clinical signs or symptoms (e.g., new murmur,
embolism, persistent fever, HF, abscess, or atrioventricular heart block) and in patients at high risk of complications (e.g., extensive infected
tissue/large vegetation on initial echocardiogram or staphylococcal, enterococcal, fungal infections) (Rohmann et al., 1991; Mylonakis &
Calderwood, 2001). (Level of Evidence: B)

7. Intraoperative TEE is recommended for patients undergoing valve surgery for IE (Shapira et al., 2007; Yao et al., 2009). (Level of
Evidence: B)

Class IIa

1. TEE is reasonable to diagnose possible IE in patients with Staphylococcal aureus (S. aureus) bacteremia without a known source
(Watanakunakorn, 1994; Abraham et al., 2004; Kaasch et al., 2011). (Level of Evidence: B)

2. TEE is reasonable to diagnose IE of a prosthetic valve in the presence of persistent fever without bacteremia or a new murmur (San Martin
et al., 2010; Knudsen et al., 2011). (Level of Evidence: B)

3. Cardiac CT is reasonable to evaluate morphology/anatomy in the setting of suspected paravalvular infections when the anatomy cannot be
clearly delineated by echocardiography (Fagman et al., 2012; Feuchtner et al., 2009; Gahide et al., 2010; Lentini et al., 2009). (Level of
Evidence: B)

Class IIb

1. TEE might be considered to detect concomitant staphylococcal IE in nosocomial S. aureus bacteremia with a known portal of entry from an
extracardiac source (Rasmussen et al., 2011; Fowler et al., 1997; Sullenberger, Avedissian, & Kent, 2005). (Level of Evidence: B)

Medical Therapy

Class I

1. Appropriate antibiotic therapy should be initiated and continued after blood cultures are obtained with guidance from antibiotic sensitivity
data and infectious disease consultants (Lopez et al., 2013). (Level of Evidence: B)

Class IIa

1. It is reasonable to temporarily discontinue anticoagulation in patients with IE who develop central nervous system symptoms compatible with
embolism or stroke regardless of the other indications for anticoagulation (Masuda et al., 1992; Tornos, et al., 1999; Carpenter &
McAllister, 1983; Lieberman et al., 1978; Wilson et al., 1978; Ananthasubramaniam et al., 2001). (Level of Evidence: B)

Class IIb

1. Temporary discontinuation of VKA anticoagulation might be considered in patients receiving VKA anticoagulation at the time of IE
diagnosis (Tornos et al., 1999; Pruitt et al., 1978; Chan et al., 2008; Fang et al., 2007; Rasmussen et al., 2009). (Level of Evidence: B)

Class III: Harm

1. Patients with known VHD should not receive antibiotics before blood cultures are obtained for unexplained fever. (Level of Evidence: C)

Intervention

Class I

1. Decisions about timing of surgical intervention should be made by a multispecialty Heart Valve Team of cardiology, cardiothoracic surgery,
and infectious disease specialists (Botelho-Nevers et al., 2009). (Level of Evidence: B)

2. Early surgery (during initial hospitalization before completion of a full therapeutic course of antibiotics) is indicated in patients with IE who
present with valve dysfunction resulting in symptoms of HF (Jault et al., 1997; Hasbun et al., 2003; Kiefer et al., 2011; Tornos et al., 1992;
Gordon et al., 2000; Wang et al., 2007). (Level of Evidence: B)

3. Early surgery (during initial hospitalization before completion of a full therapeutic course of antibiotics) is indicated in patients with left-sided
IE caused by S. aureus, fungal, or other highly resistant organisms (Wang et al., 2007; Remadi et al., 2007; Hill et al., "Infective," 2007;
Aksoy et al., 2007; Ellis et al., 2001; Wolff et al., 1995; Chirouze et al., 2004; Melgar et al., 1997). (Level of Evidence: B)

4. Early surgery (during initial hospitalization before completion of a full therapeutic course of antibiotics) is indicated in patients with IE



complicated by heart block, annular or aortic abscess, or destructive penetrating lesions (Wang et al., 2007; Wang et al., 1972; Middlemost
et al., 1991; Chan, 2002; Jault et al., 1993; Anguera et al., 2005). (Level of Evidence: B)

5. Early surgery (during initial hospitalization before completion of a full therapeutic course of antibiotics) for IE is indicated in patients with
evidence of persistent infection as manifested by persistent bacteremia or fevers lasting longer than 5 to 7 days after onset of appropriate
antimicrobial therapy (Wang et al., 2007; Wolff et al., 1995; Chirouze et al., 2004; Klieverik et al., 2009; Hill et al., "Abscess," 2007;
Manne et al., 2012). (Level of Evidence: B)

6. Surgery is recommended for patients with prosthetic valve endocarditis (PVE) and relapsing infection (defined as recurrence of bacteremia
after a complete course of appropriate antibiotics and subsequently negative blood cultures) without other identifiable source for portal of
infection. (Level of Evidence: C)

7. Complete removal of pacemaker or defibrillator systems, including all leads and the generator, is indicated as part of the early management
plan in patients with IE with documented infection of the device or leads (Sohail et al., 2008; Athan et al., 2012; Rundstrom et al., 2004; Ho
et al., 2010). (Level of Evidence: B)

Class IIa

1. Complete removal of pacemaker or defibrillator systems, including all leads and the generator, is reasonable in patients with valvular IE
caused by S. aureus or fungi, even without evidence of device or lead infection (Sohail et al., 2008; Athan et al., 2012; Rundstrom et al.,
2004; Ho et al., 2010). (Level of Evidence: B)

2. Complete removal of pacemaker or defibrillator systems, including all leads and the generator, is reasonable in patients undergoing valve
surgery for valvular IE. (Level of Evidence: C)

3. Early surgery (during initial hospitalization before completion of a full therapeutic course of antibiotics) is reasonable in patients with IE who
present with recurrent emboli and persistent vegetations despite appropriate antibiotic therapy (Mugge et al., 1989; Thuny et al., 2005;
Kang et al., 2012). (Level of Evidence: B)

Class IIb

1. Early surgery (during initial hospitalization before completion of a full therapeutic course of antibiotics) may be considered in patients with
native valve endocarditis (NVE) who exhibit mobile vegetations greater than 10 mm in length (with or without clinical evidence of embolic
phenomenon) (Mugge et al., 1989; Thuny et al., 2005; Kang et al., 2012). (Level of Evidence: B)

Pregnancy and VHD

Native Valve Stenosis

Class I

1. All patients with suspected valve stenosis should undergo a clinical evaluation and TTE before pregnancy. (Level of Evidence: C)
2. All patients with severe valve stenosis (stages C and D) should undergo prepregnancy counseling by a cardiologist with expertise in

managing patients with VHD during pregnancy. (Level of Evidence: C)
3. All patients referred for a valve operation before pregnancy should receive prepregnancy counseling by a cardiologist with expertise in

managing patients with VHD during pregnancy about the risks and benefits of all options for operative interventions, including mechanical
prosthesis, bioprosthesis, and valve repair. (Level of Evidence: C)

4. Pregnant patients with severe valve stenosis (stages C and D) should be monitored in a tertiary care center with a dedicated Heart Valve
Team of cardiologists, surgeons, anesthesiologists, and obstetricians with expertise in the management of high-risk cardiac patients during
pregnancy. (Level of Evidence: C)

Diagnosis and Follow-up

Class IIa

1. Exercise testing is reasonable in asymptomatic patients with severe AS (aortic velocity ≥4.0 m per second or mean pressure gradient ≥40
mm Hg, stage C) before pregnancy. (Level of Evidence: C)

Medical Therapy

Class I

1. Anticoagulation should be given to pregnant patients with MS and AF unless contraindicated. (Level of Evidence: C)



Class IIa

1. Use of beta blockers as required for rate control is reasonable for pregnant patients with MS in the absence of contraindication if tolerated.
(Level of Evidence: C)

Class IIb

1. Use of diuretics may be reasonable for pregnant patients with MS and HF symptoms (stage D). (Level of Evidence: C)

Class III: Harm

1. ACE inhibitors and ARBs should not be given to pregnant patients with valve stenosis (Schaefer, 2003; Cooper et al., 2006; Shotan et al.,
1994). (Level of Evidence: B)

Intervention

Class I

1. Valve intervention is recommended before pregnancy for symptomatic patients with severe AS (aortic velocity ≥4.0 m per second or mean
pressure gradient ≥40 mm Hg, stage D). (Level of Evidence: C)

2. Valve intervention is recommended before pregnancy for symptomatic patients with severe MS (mitral valve area ≤1.5 cm2, stage D).
(Level of Evidence: C)

3. Percutaneous mitral balloon commissurotomy is recommended before pregnancy for asymptomatic patients with severe MS (mitral valve

area ≤1.5 cm2, stage C) who have valve morphology favorable for percutaneous mitral balloon commissurotomy. (Level of Evidence: C)

Class IIa

1. Valve intervention is reasonable before pregnancy for asymptomatic patients with severe AS (aortic velocity ≥4.0 m per second or mean
pressure gradient ≥40 mm Hg, stage C). (Level of Evidence: C)

2. Percutaneous mitral balloon commissurotomy is reasonable for pregnant patients with severe MS (mitral valve area ≤1.5 cm2, stage D) with
valve morphology favorable for percutaneous mitral balloon commissurotomy who remain symptomatic with NYHA class III to IV HF
symptoms despite medical therapy (Abouzied et al., 2001; Ben Farhat et al., 1997; de Souza et al., 2001; Glantz et al., 1993; Iung et al.,
1994). (Level of Evidence: B)

3. Valve intervention is reasonable for pregnant patients with severe MS (mitral valve area ≤1.5 cm2, stage D) and valve morphology not
favorable for percutaneous mitral balloon commissurotomy only if there are refractory NYHA class IV HF symptoms. (Level of Evidence:
C)

4. Valve intervention is reasonable for pregnant patients with severe AS (mean pressure gradient ≥40 mm Hg, stage D) only if there is
hemodynamic deterioration or NYHA class III to IV HF symptoms (Tzemos et al., 2009; Banning, Pearson, & Hall, 1993; Easterling et al.,
1988; Lao et al., 1993; McIvor, 1991; Myerson et al., 2005; Tumelero et al., 2004). (Level of Evidence: B)

Class III: Harm

1. Valve operation should not be performed in pregnant patients with valve stenosis in the absence of severe HF symptoms. (Level of
Evidence: C)

Native Valve Regurgitation

Diagnosis and Follow-up

Class I

1. All patients with suspected valve regurgitation should undergo a clinical evaluation and TTE before pregnancy. (Level of Evidence: C)
2. All patients with severe valve regurgitation (stages C and D) should undergo prepregnancy counseling by a cardiologist with expertise in

managing patients with VHD during pregnancy. (Level of Evidence: C)
3. All patients referred for a valve operation before pregnancy should receive prepregnancy counseling by a cardiologist with expertise in

managing patients with VHD during pregnancy regarding the risks and benefits of all options for operative interventions, including mechanical
prosthesis, bioprosthesis, and valve repair. (Level of Evidence: C)

4. Pregnant patients with severe regurgitation (stages C and D) should be monitored in a tertiary care center with a dedicated Heart Valve
Team of cardiologists, surgeons, anesthesiologists, and obstetricians with expertise in managing high-risk cardiac patients. (Level of



Evidence: C)

Class IIa

1. Exercise testing is reasonable in asymptomatic patients with severe valve regurgitation (stage C) before pregnancy. (Level of Evidence: C)

Medical Therapy

Class III: Harm

1. ACE inhibitors and ARBs should not be given to pregnant patients with valve regurgitation (Schaefer, 2003; Cooper et al., 2006; Shotan et
al., 1994). (Level of Evidence: B)

Intervention

Class I

1. Valve repair or replacement is recommended before pregnancy for symptomatic women with severe valve regurgitation (stage D). (Level of
Evidence: C)

Class IIa

1. Valve operation for pregnant patients with severe valve regurgitation is reasonable only if there are refractory NYHA class IV HF
symptoms (stage D). (Level of Evidence: C)

Class IIb

1. Valve repair before pregnancy may be considered in the asymptomatic patient with severe MR (stage C) and a valve suitable for valve
repair, but only after detailed discussion with the patient about the risks and benefits of the operation and its outcome on future pregnancies.
(Level of Evidence: C)

Class III: Harm

1. Valve operations should not be performed in pregnant patients with valve regurgitation in the absence of severe intractable HF symptoms.
(Level of Evidence: C)

Prosthetic Valves in Pregnancy

Diagnosis and Follow-up

Class I

1. All patients with a prosthetic valve should undergo a clinical evaluation and baseline TTE before pregnancy. (Level of Evidence: C)
2. All patients with a prosthetic valve should undergo prepregnancy counseling by a cardiologist with expertise in managing patients with VHD

during pregnancy. (Level of Evidence: C)
3. TTE should be performed in all pregnant patients with a prosthetic valve if not done before pregnancy. (Level of Evidence: C)
4. Repeat TTE should be performed in all pregnant patients with a prosthetic valve who develop symptoms. (Level of Evidence: C)
5. TEE should be performed in all pregnant patients with a mechanical prosthetic valve who have prosthetic valve obstruction or experience an

embolic event. (Level of Evidence: C)
6. Pregnant patients with a mechanical prosthesis should be monitored in a tertiary care center with a dedicated Heart Valve Team of

cardiologists, surgeons, anesthesiologists, and obstetricians with expertise in the management of high-risk cardiac patients. (Level of
Evidence: C)

Medical Therapy

Class I

1. Therapeutic anticoagulation with frequent monitoring is recommended for all pregnant patients with a mechanical prosthesis (Chan, Anand,
& Ginsberg, 2000; Meschengieser et al., 1999). (Level of Evidence: B)

2. Warfarin is recommended in pregnant patients with a mechanical prosthesis to achieve a therapeutic INR in the second and third trimesters
(Abildgaard et al., 2009; McLintock, McCowan, & North, 2009; Oran, Lee-Parritz, & Ansell, 2004; Quinn et al., 2009; Sillesen et al.,



2011; DeSanto et al., 2012). (Level of Evidence: B)
3. Discontinuation of warfarin with initiation of intravenous UFH (with an activated partial thromboplastin time [aPTT] >2 times control) is

recommended before planned vaginal delivery in pregnant patients with a mechanical prosthesis. (Level of Evidence: C)
4. Low-dose aspirin (75 mg to 100 mg) once per day is recommended for pregnant patients in the second and third trimesters with either a

mechanical prosthesis or bioprosthesis. (Level of Evidence: C)

Class IIa

1. Continuation of warfarin during the first trimester is reasonable for pregnant patients with a mechanical prosthesis if the dose of warfarin to
achieve a therapeutic INR is 5 mg per day or less after full discussion with the patient about risks and benefits (Chan, Anand, & Ginsberg,
2000; Meschengieser et al., 1999; Sillesen et al., 2011; DeSanto et al., 2012; Salazar et al., 1996; Vitale, De Feo, & Cotrufo, 2002).
(Level of Evidence: B)

2. Dose-adjusted LMWH at least 2 times per day (with a target anti-Xa level of 0.8 U/mL to 1.2 U/mL, 4 to 6 hours postdose) during the first
trimester is reasonable for pregnant patients with a mechanical prosthesis if the dose of warfarin is greater than 5 mg per day to achieve a
therapeutic INR (Abildgaard et al., 2009; McLintock, McCowan, & North, 2009; Oran, Lee-Parritz, & Ansell, 2004; Quinn et al., 2009;
Rowan et al., 2001; James et al., 2006). (Level of Evidence: B)

3. Dose-adjusted continuous intravenous UFH (with an aPTT at least 2 times control) during the first trimester is reasonable for pregnant
patients with a mechanical prosthesis if the dose of warfarin is greater than 5 mg per day to achieve a therapeutic INR (Chan, Anand, &
Ginsberg, 2000; Meschengieser et al., 1999; Salazar et al., 1996). (Level of Evidence: B)

Class IIb

1. Dose-adjusted LMWH at least 2 times per day (with a target anti-Xa level of 0.8 U/mL to 1.2 U/mL, 4 to 6 hours postdose) during the first
trimester may be reasonable for pregnant patients with a mechanical prosthesis if the dose of warfarin is 5 mg per day or less to achieve a
therapeutic INR (Abildgaard et al., 2009; McLintock, McCowan, & North, 2009; Oran, Lee-Parritz, & Ansell, 2004; Quinn et al., 2009;
Rowan et al., 2001; James et al., 2006; Yinon et al., 2009). (Level of Evidence: B)

2. Dose-adjusted continuous infusion of UFH (with aPTT at least 2 times control) during the first trimester may be reasonable for pregnant
patients with a mechanical prosthesis if the dose of warfarin is 5 mg per day or less to achieve a therapeutic INR (Chan, Anand, &
Ginsberg, 2000; Meschengieser et al., 1999; Salazar et al., 1996). (Level of Evidence: B)

Class III: Harm

1. LMWH should not be administered to pregnant patients with mechanical prostheses unless anti-Xa levels are monitored 4 to 6 hours after
administration (McLintock, McCowan, & North, 2009; Oran, Lee-Parritz, & Ansell, 2004; Ginsberg et al., 2003; Rowan et al., 2001;
James et al., 2006). (Level of Evidence: B)

Surgical Considerations

Evaluation of Coronary Anatomy

Class I

1. Coronary angiography is indicated before valve intervention in patients with symptoms of angina, objective evidence of ischemia, decreased
LV systolic function, history of CAD, or coronary risk factors (including men age >40 years and postmenopausal women). (Level of
Evidence: C)

2. Coronary angiography should be performed as part of the evaluation of patients with chronic severe secondary MR. (Level of Evidence:
C)

Class IIa

1. Surgery without coronary angiography is reasonable for patients having emergency valve surgery for acute valve regurgitation, disease of the
aortic sinuses or ascending aorta, or IE. (Level of Evidence: C)

2. CT coronary angiography is reasonable to exclude the presence of significant obstructive CAD in selected patients with a low/intermediate
pretest probability of CAD. A positive coronary CT angiogram (the presence of any epicardial CAD) is confirmed with invasive coronary
angiography (American College of Cardiology Foundation Task Force on Expert Consensus Documents et al., 2010; Gilard et al., 2006;
Manghat et al., 2006; Meijboom et al., 2006; Reant et al., 2006; Scheffel et al., 2007; Galas et al., 2012). (Level of Evidence: B)

Concomitant Procedures



Intervention for CAD

Class IIa

1. CABG or percutaneous coronary intervention (PCI) is reasonable in patients undergoing valve repair or replacement with significant CAD
(≥70% reduction in luminal diameter in major coronary arteries or ≥50% reduction in luminal diameter in the left main coronary artery).
(Level of Evidence: C)

Intervention for AF

Class IIa

1. A concomitant maze procedure is reasonable at the time of mitral valve repair or replacement for treatment of chronic, persistent AF. (Level
of Evidence: C)

2. A full biatrial maze procedure, when technically feasible, is reasonable at the time of mitral valve surgery, compared with a lesser ablation
procedure, in patients with chronic, persistent AF (Doukas et al., 2005; Blomstrom-Lundqvist et al., 2007). (Level of Evidence: B)

Class IIb

1. A concomitant maze procedure or pulmonary vein isolation may be considered at the time of mitral valve repair or replacement in patients
with paroxysmal AF that is symptomatic or associated with a history of embolism on anticoagulation. (Level of Evidence: C)

2. Concomitant maze procedure or pulmonary vein isolation may be considered at the time of cardiac surgical procedures other than mitral
valve surgery in patients with paroxysmal or persistent AF that is symptomatic or associated with a history of emboli on anticoagulation.
(Level of Evidence: C)

Class III: No Benefit

1. Catheter ablation for AF should not be performed in patients with severe MR when mitral repair or replacement is anticipated, with
preference for the combined maze procedure plus mitral valve repair (Liu et al., 2010). (Level of Evidence: B)

Noncardiac Surgery in Patients with VHD

Intervention

Class IIa

1. Moderate-risk elective noncardiac surgery with appropriate intraoperative and postoperative hemodynamic monitoring is reasonable to
perform in patients with asymptomatic severe AS (Agarwal et al., 2013; Zahid et al., 2005; Torsher et al., 1998; Calleja et al., 2010).
(Level of Evidence: B)

2. Moderate-risk elective noncardiac surgery with appropriate intraoperative and postoperative hemodynamic monitoring is reasonable to
perform in patients with asymptomatic severe MR. (Level of Evidence: C)

3. Moderate-risk elective noncardiac surgery with appropriate intraoperative and postoperative hemodynamic monitoring is reasonable to
perform in patients with asymptomatic severe AR and a normal LVEF. (Level of Evidence: C)

Class IIb

1. Moderate-risk elective noncardiac surgery in patients with appropriate intraoperative and postoperative hemodynamic monitoring may be
reasonable to perform in asymptomatic patients with severe MS if valve morphology is not favorable for percutaneous balloon mitral
commissurotomy. (Level of Evidence: C)

Definitions:

Applying Classification of Recommendations and Level of Evidence

 Size of Treatment Effect

 CLASS I

Benefit >>> Risk

Procedure/Treatment 
SHOULD be performed/
administered

CLASS IIa

Benefit >> Risk
Additional studies with focused
objectives needed

IT IS REASONABLE to perform
procedure/administer treatment

CLASS IIb

Benefit ≥ Risk 
Additional studies with broad
objectives needed; additional
registry data would be helpful

Procedure/Treatment 
MAY BE CONSIDERED

CLASS III No Benefit
or Class III Harm

 Procedure/Test Treatment

COR
III:
No
Benefit

Not helpful No proven
benefit



COR
III:
Harm

Excess cost
without benefit
or harmful

Harmful to
patients

Estimate of
Certainty
(Precision) of
Treatment Effect

LEVEL A

Multiple populations
evaluated*

Data derived from multiple
randomized clinical trials
or meta-analyses

Recommendation
that procedure or
treatment is
useful/effective
Sufficient evidence
from multiple
randomized trials or
meta-analyses

Recommendation in favor
of treatment or procedure
being useful/effective
Some conflicting evidence
from multiple randomized
trials or meta-analyses

Recommendation's
usefulness/efficacy less
well established
Greater conflicting
evidence from multiple
randomized trials or meta-
analyses

Recommendation that procedure
or treatment is not useful/effective
and may be harmful
Sufficient evidence from multiple
randomized trials or meta-analyses

LEVEL B

Limited populations
evaluated*

Data derived from a single
randomized trial or
nonrandomized studies

Recommendation
that procedure or
treatment is
useful/effective
Evidence from
single randomized
trial or
nonrandomized
studies

Recommendation in favor
of treatment or procedure
being useful/effective
Some conflicting evidence
from single randomized
trial or nonrandomized
studies

Recommendation's
usefulness/efficacy less
well established
Greater conflicting
evidence from single
randomized trial or
nonrandomized studies

Recommendation that procedure
or treatment is not useful/effective
and may be harmful
Evidence from single randomized
trial or nonrandomized studies

LEVEL C

Very limited populations
evaluated*

Only consensus opinion
of experts, case studies, or
standard of care

Recommendation
that procedure or
treatment is
useful/effective
Only expert
opinion, case
studies, or standard
of care

Recommendation in favor
of treatment or procedure
being useful/effective
Only diverging expert
opinion, case studies, or
standard of care

Recommendation's
usefulness/efficacy less
well established
Only diverging expert
opinion, case studies, or
standard of care

Recommendation that procedure
or treatment is not useful/effective
and may be harmful
Only expert opinion, case studies,
or standard of care

 Size of Treatment Effect

A recommendation with Level of Evidence B or C does not imply that the recommendation is weak. Many important clinical questions addressed in the guidelines do not lend
themselves to clinical trials. Although randomized trials are unavailable, there may be a very clear clinical consensus that a particular test or therapy is useful or effective.

*Data available from clinical trials or registries about the usefulness/efficacy in different subpopulations, such as sex, age, history of diabetes, history of prior myocardial infarction,
history of heart failure, and prior aspirin use.

Clinical Algorithm(s)
The following algorithms are provided in the original guideline document:

Indications for AVR in Patients with AS
Indications for AVR for Chronic AR
Indications for Intervention for Rheumatic MS
Indications for Surgery for MR
Indications for Surgery
Anticoagulation for Prosthetic Valves
Evaluation and Management of Suspected Prosthetic Valve Thrombosis
Diagnosis and Treatment of IE
Anticoagulation of Pregnant Patients with Mechanical Valves
Evaluation and Management of CAD in Patients Undergoing Valve Surgery

Scope

Disease/Condition(s)
Valvular heart disease (VHD) and associated disorders:

Aortic stenosis (AS)
Aortic regurgitation (AR)
Bicuspid aortic valve and aortopathy
Mitral stenosis (MS)
Mitral regurgitation (MR)
Tricuspid valve disease
Prosthetic valve thrombosis, stenosis, and regurgitation
Infective endocarditis (IE)
VHD during pregnancy



Guideline Category
Diagnosis

Evaluation

Management

Prevention

Risk Assessment

Treatment

Clinical Specialty
Anesthesiology

Cardiology

Critical Care

Emergency Medicine

Family Practice

Internal Medicine

Obstetrics and Gynecology

Radiology

Thoracic Surgery

Intended Users
Advanced Practice Nurses

Physician Assistants

Physicians

Guideline Objective(s)
To assist clinicians in clinical decision making by describing a range of generally acceptable approaches to the diagnosis, management, and
prevention of valvular heart disease (VHD) and related disorders
To define practices that meet the needs of most patients in most circumstances
To provide the clinician with concise, evidence-based, contemporary recommendations and the supporting documentation to encourage
their use

Target Population
Adult patients with suspected or confirmed valvular heart disease (VHD)

Note: Management of patients with congenital heart disease and infants and children with valve disease are not addressed in this guideline.

Interventions and Practices Considered



Diagnosis/Evaluation

1. Transthoracic echocardiography (TTE)
2. Cardiac catheterization for hemodynamic assessment
3. Transesophageal echocardiography (TEE)
4. Aortic magnetic resonance angiography (MRA) or computed tomography angiography (CTA)
5. Noninvasive imaging (stress nuclear/positron emission tomography, cardiac magnetic resonance [CMR] imaging, or stress

echocardiography)
6. Exercise testing/stress testing
7. Invasive measurement of pulmonary artery pressures and pulmonary vascular resistance for tricuspid regurgitation (TR)
8. Blood cultures and modified Duke criteria for infective endocarditis (IE)
9. Evaluation by Heart Valve Team

Management/Treatment

1. General
Secondary prevention of rheumatic fever
IE prophylaxis
Referral to Heart Valve Center of Excellence

2. Aortic stenosis (AS)
Medical therapy for hypertension
Vasodilator therapy
Statin therapy (not recommended)
Aortic valve replacement (AVR; surgical or transcatheter approach)

3. Aortic regurgitation (AR)
Medical therapy for hypertension: dihydropyridine calcium channel blockers or angiotensin-converting enzyme (ACE)
inhibitors/angiotensin-receptor blockers (ARBs)
AVR: timing of intervention
Aortic valve repair in selected patients

4. Bicuspid aortic valve and aortopathy: operative intervention to repair the aortic sinuses or replace the ascending aorta
5. Mitral stenosis (MS)

Anticoagulation (vitamin K antagonist [VKA] or heparin)
Medical therapy for heart rate control
Mitral valve surgery: repair, percutaneous mitral balloon commissurotomy, or valve replacement
Excision of left atrial appendage

6. Mitral regurgitation (MR)
Medical therapy for systolic dysfunction/heart failure
Cardiac resynchronization therapy
Vasodilator therapy (not recommended)
Mitral valve surgery: repair or replacement

7. Tricuspid regurgitation
Diuretics
Tricuspid valve repair or replacement

8. Tricuspid stenosis
Tricuspid valve surgery
Percutaneous balloon tricuspid commissurotomy

9. Prosthetic valves
Choice of valve intervention: repair or replacement
Choice of prosthetic heart valve: bioprosthesis or mechanical valve
Pulmonary autograft
Antithrombotic therapy for prosthetic valve (VKA with international normalized ratio [INR] monitoring, aspirin, clopidogrel)
Bridging therapy for prosthetic valves
Management of excessive anticoagulation and serious bleeding (fresh frozen plasma, prothrombin complex concentrate)
Management of prosthetic valve thrombosis (emergency surgery, fibrinolysis)
Management of prosthetic valve stenosis (repeat valve replacement)



Management of prosthetic valve regurgitation (surgery)
10. Infective endocarditis

Appropriate antibiotic therapy
Temporary discontinuation of anticoagulation therapy
Surgical intervention
Removal of pacemaker or defibrillator systems

11. Pregnancy and valvular heart disease (VHD)
Clinical evaluation and TTE before pregnancy
Prepregnancy counseling concerning risks and benefits of operative interventions
Management and monitoring by dedicated Heart Valve Team
Exercise testing
Medical therapy: anticoagulation, beta-blockers, diuretics, avoidance of ACE inhibitors and ARBs
Valve interventions before and during pregnancy
Discontinuation of warfarin and initiation of unfractionated heparin (UFH) before delivery
Use of low-molecular-weight heparin (LMWH) with mechanical prosthesis with monitoring of anti-Xa levels

12. Surgical considerations
Coronary evaluation prior to valve surgery (coronary angiography, coronary CT angiography)
Valve surgery with or without coronary artery bypass graft (CABG) or percutaneous coronary intervention (PCI)
Interventions for atrial fibrillation: concomitant maze procedure or pulmonary vein isolation at the time of mitral valve surgery
Noncardiac surgery with appropriate intraoperative and postoperative hemodynamic monitoring

Major Outcomes Considered
Sensitivity and specificity of tests for evaluating heart valve disorders
Functional status (New York Heart Association)
Progression rate
Exercise tolerance
Mortality/death
Survival rate
Restenosis rate
Freedom from reoperation
Freedom from recurrent valve disease
Valve-related complications

Methodology

Methods Used to Collect/Select the Evidence
Searches of Electronic Databases

Description of Methods Used to Collect/Select the Evidence
An extensive review was conducted on literature published through November 2012, and other selected references through October 2013 were
reviewed by the guideline writing committee. Searches were extended to studies, reviews, and other evidence conducted on human subjects and
that were published in English from PubMed, EMBASE, Cochrane, Agency for Healthcare Research and Quality Reports, and other selected
databases relevant to this guideline. Key search words included but were not limited to the following: valvular heart disease, aortic stenosis,
aortic regurgitation, bicuspid aortic valve, mitral stenosis, mitral regurgitation, tricuspid stenosis, tricuspid regurgitation, pulmonic
stenosis, pulmonic regurgitation, prosthetic valves, anticoagulation therapy, infective endocarditis, cardiac surgery, and transcatheter
aortic valve replacement. Additionally, the committee reviewed documents related to the subject matter previously published by the American
College of Cardiology (ACC) and American Heart Association (AHA). The references selected and published in this document are representative
and not all-inclusive.



Number of Source Documents
Not stated

Methods Used to Assess the Quality and Strength of the Evidence
Weighting According to a Rating Scheme (Scheme Given)

Rating Scheme for the Strength of the Evidence
Applying Classification of Recommendations and Level of Evidence

 Size of Treatment Effect

 CLASS I

Benefit >>> Risk

Procedure/Treatment 
SHOULD be performed/
administered

CLASS IIa

Benefit >> Risk
Additional studies with focused
objectives needed

IT IS REASONABLE to perform
procedure/administer treatment

CLASS IIb

Benefit ≥ Risk 
Additional studies with broad
objectives needed; additional
registry data would be helpful

Procedure/Treatment 
MAY BE CONSIDERED

CLASS III No Benefit
or Class III Harm

 Procedure/Test Treatment

COR
III:
No
Benefit

Not helpful No proven
benefit

COR
III:
Harm

Excess cost
without benefit
or harmful

Harmful to
patients

Estimate of
Certainty
(Precision) of
Treatment Effect

LEVEL A

Multiple populations
evaluated*

Data derived from multiple
randomized clinical trials
or meta-analyses

Recommendation
that procedure or
treatment is
useful/effective
Sufficient evidence
from multiple
randomized trials or
meta-analyses

Recommendation in favor
of treatment or procedure
being useful/effective
Some conflicting evidence
from multiple randomized
trials or meta-analyses

Recommendation's
usefulness/efficacy less
well established
Greater conflicting
evidence from multiple
randomized trials or meta-
analyses

Recommendation that procedure
or treatment is not useful/effective
and may be harmful
Sufficient evidence from multiple
randomized trials or meta-analyses

LEVEL B

Limited populations
evaluated*

Data derived from a single
randomized trial or
nonrandomized studies

Recommendation
that procedure or
treatment is
useful/effective
Evidence from
single randomized
trial or
nonrandomized
studies

Recommendation in favor
of treatment or procedure
being useful/effective
Some conflicting evidence
from single randomized
trial or nonrandomized
studies

Recommendation's
usefulness/efficacy less
well established
Greater conflicting
evidence from single
randomized trial or
nonrandomized studies

Recommendation that procedure
or treatment is not useful/effective
and may be harmful
Evidence from single randomized
trial or nonrandomized studies

LEVEL C

Very limited populations
evaluated*

Only consensus opinion
of experts, case studies, or
standard of care

Recommendation
that procedure or
treatment is
useful/effective
Only expert
opinion, case
studies, or standard
of care

Recommendation in favor
of treatment or procedure
being useful/effective
Only diverging expert
opinion, case studies, or
standard of care

Recommendation's
usefulness/efficacy less
well established
Only diverging expert
opinion, case studies, or
standard of care

Recommendation that procedure
or treatment is not useful/effective
and may be harmful
Only expert opinion, case studies,
or standard of care

A recommendation with Level of Evidence B or C does not imply that the recommendation is weak. Many important clinical questions addressed in the guidelines do not lend
themselves to clinical trials. Although randomized trials are unavailable, there may be a very clear clinical consensus that a particular test or therapy is useful or effective.

*Data available from clinical trials or registries about the usefulness/efficacy in different subpopulations, such as sex, age, history of diabetes, history of prior myocardial infarction,
history of heart failure, and prior aspirin use.

Methods Used to Analyze the Evidence
Review of Published Meta-Analyses

Systematic Review with Evidence Tables

Description of the Methods Used to Analyze the Evidence
In analyzing the data and developing recommendations and supporting text, the writing committee uses evidence-based methodologies developed
by the Task Force. The Level of Evidence (LOE) is an estimate of the certainty or precision of the treatment effect. The writing committee reviews
and ranks evidence supporting each recommendation, with the weight of evidence ranked as LOE A, B, or C, according to specific definitions that
are included in the "Rating Scheme for the Strength of the Evidence" field. Studies are identified as observational, retrospective, prospective, or



randomized where appropriate.

Methods Used to Formulate the Recommendations
Expert Consensus

Description of Methods Used to Formulate the Recommendations
Experts in the subject under consideration are selected from both the American College of Cardiology (ACC) and the American Heart Association
(AHA) to examine subject-specific data and write guidelines. Writing committees are specifically charged with performing a literature review;
weighing the strength of evidence for or against particular tests, treatments, or procedures; and including estimates of expected health outcomes
where such data exist. Patient-specific modifiers, comorbidities, and issues of patient preference that may influence the choice of tests or therapies
are considered, as well as frequency of follow-up and cost effectiveness. When available, information from studies on cost is considered; however,
a review of data on efficacy and outcomes constitutes the primary basis for preparing recommendations in this guideline.

In analyzing the data and developing recommendations and supporting text, the writing committee uses evidence-based methodologies developed
by the Task Force. The Class of Recommendation (COR) is an estimate of the size of the treatment effect, with consideration given to risks versus
benefits, as well as evidence and/or agreement that a given treatment or procedure is or is not useful/effective or in some situations may cause
harm. The writing committee reviews and ranks evidence supporting each recommendation, with the weight of evidence ranked as Level of
Evidence (LOE) A, B, or C, according to specific definitions that are included in the "Rating Scheme for the Strength of the Evidence" field.
Studies are identified as observational, retrospective, prospective, or randomized, as appropriate. For certain conditions for which inadequate data
are available, recommendations are based on expert consensus and clinical experience and are ranked as LOE C. When recommendations at
LOE C are supported by historical clinical data, appropriate references (including clinical reviews) are cited if available. For issues with sparse
available data, a survey of current practice among the clinician members of the writing committee is the basis for LOE C recommendations and no
references are cited.

A new addition to this methodology is separation of the Class III recommendations to delineate whether the recommendation is determined to be
of "no benefit" or is associated with "harm" to the patient. In addition, in view of the increasing number of comparative effectiveness studies,
comparator verbs and suggested phrases for writing recommendations for the comparative effectiveness of one treatment or strategy versus
another are included for COR I and IIa, LOE A or B only.

In view of the advances in medical therapy across the spectrum of cardiovascular diseases, the Task Force has designated the term guideline-
directed medical therapy (GDMT) to represent optimal medical therapy as defined by ACC/AHA guideline (primarily Class I)-recommended
therapies. This new term, GDMT, is used herein and throughout subsequent guidelines.

Because the ACC/AHA practice guidelines address patient populations (and clinicians) residing in North America, drugs that are not currently
available in North America are discussed in the text without a specific COR. For studies performed in large numbers of subjects outside North
America, each writing committee reviews the potential impact of different practice patterns and patient populations on the treatment effect and
relevance to the ACC/AHA target population to determine whether the findings should inform a specific recommendation.

Organization of the Writing Committee

The committee was composed of clinicians, who included cardiologists, interventionalists, surgeons, and anesthesiologists. The committee also
included representatives from the American Association for Thoracic Surgery, American Society of Echocardiography (ASE), Society for
Cardiovascular Angiography and Interventions, Society of Cardiovascular Anesthesiologists, and Society of Thoracic Surgeons (STS).

Rating Scheme for the Strength of the Recommendations
See the "Rating Scheme for the Strength of the Evidence" field.

Cost Analysis
The guideline developers reviewed published cost analyses.



Method of Guideline Validation
External Peer Review

Internal Peer Review

Description of Method of Guideline Validation
The document was reviewed by 2 official reviewers each nominated by both the American College of Cardiology (ACC) and the American Heart
Association (AHA), as well as 1 reviewer each from the American Association for Thoracic Surgery, American Society of Echocardiography
(ASE), Society for Cardiovascular Angiography and Interventions, Society of Cardiovascular Anesthesiologists, Society of Thoracic Surgeons
(STS), and 39 individual content reviewers (which included representatives from the following ACC committees and councils: Adult Congenital
and Pediatric Cardiology Section, Association of International Governors, Council on Clinical Practice, Cardiovascular Section Leadership
Council, Geriatric Cardiology Section Leadership Council, Heart Failure and Transplant Council, Interventional Council, Lifelong Learning
Oversight Committee, Prevention of Cardiovascular Disease Committee, and Surgeon Council).

This document was approved for publication by the governing bodies of the ACC and AHA and endorsed by the American Association for
Thoracic Surgery, ASE, Society for Cardiovascular Angiography and Interventions, Society of Cardiovascular Anesthesiologists, and STS.
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Knudsen JB, Fuursted K, Petersen E, Wierup P, MÃ ļgaard H, Poulsen SH, Egeblad H. Failure of clinical features of low probability
endocarditis. The early echo remains essential. Scand Cardiovasc J. 2011 Jun;45(3):133-8. PubMed

Kobayashi J, Kosakai Y, Isobe F, Sasako Y, Nakano K, Eishi K, Kawashima Y. Rationale of the Cox maze procedure for atrial fibrillation
during redo mitral valve operations. J Thorac Cardiovasc Surg. 1996 Nov;112(5):1216-21; discussion 1222. PubMed

Kodali SK, Williams MR, Smith CR, Svensson LG, Webb JG, Makkar RR, Fontana GP, Dewey TM, Thourani VH, Pichard AD, Fischbein
M, Szeto WY, Lim S, Greason KL, Teirstein PS, Malaisrie SC, Douglas PS, Hahn RT, Whisenant B, Zajarias A, Wang D, Akin JJ,
Anderson WN, Leon MB, PARTNER Trial Investigators. Two-year outcomes after transcatheter or surgical aortic-valve replacement. N Engl
J Med. 2012 May 3;366(18):1686-95. PubMed

Kronzon I, Tunick PA, Glassman E, Slater J, Schwinger M, Freedberg RS. Transesophageal echocardiography to detect atrial clots in
candidates for percutaneous transseptal mitral balloon valvuloplasty. J Am Coll Cardiol. 1990 Nov;16(5):1320-2. PubMed

Krum H, Roecker EB, Mohacsi P, Rouleau JL, Tendera M, Coats AJ, Katus HA, Fowler MB, Packer M, Carvedilol Prospective
Randomized Cumulative Survival (COPERNICUS) Study Group. Effects of initiating carvedilol in patients with severe chronic heart failure:
results from the COPERNICUS Study. JAMA. 2003 Feb 12;289(6):712-8. PubMed

Kupferwasser LI, Darius H, MÃ¼ller AM, Martin C, Mohr-Kahaly S, Erbel R, Meyer J. Diagnosis of culture-negative endocarditis: the role
of the Duke criteria and the impact of transesophageal echocardiography. Am Heart J. 2001 Jul;142(1):146-52. PubMed

Lancellotti P, Donal E, Magne J, Moonen M, OConnor K, Daubert JC, Pierard LA. Risk stratification in asymptomatic moderate to severe
aortic stenosis: the importance of the valvular, arterial and ventricular interplay. Heart. 2010 Sep;96(17):1364-71. PubMed

Lancellotti P, GÃ©rard PL, PiÃ©rard LA. Long-term outcome of patients with heart failure and dynamic functional mitral regurgitation. Eur
Heart J. 2005 Aug;26(15):1528-32. PubMed

Lancellotti P, Lebois F, Simon M, Tombeux C, Chauvel C, Pierard LA. Prognostic importance of quantitative exercise Doppler
echocardiography in asymptomatic valvular aortic stenosis. Circulation. 2005 Aug 30;112(9 Suppl):I377-82. PubMed

Lang RM, Badano LP, Tsang W, Adams DH, Agricola E, Buck T, Faletra FF, Franke A, Hung J, de Isla LP, Kamp O, Kasprzak JD,
Lancellotti P, Marwick TH, McCulloch ML, Monaghan MJ, Nihoyannopoulos P, Pandian NG, Pellikka PA, Pepi M, Roberson DA, Shernan
SK, Shirali GS, Sugeng L, Ten Cate FJ, Vannan MA, Zamorano JL, Zoghbi WA, American Society of Echocardiography, European
Association of Echocardiography. EAE/ASE recommendations for image acquisition and display using three-dimensional echocardiography. J
Am Soc Echocardiogr. 2012 Jan;25(1):3-46. PubMed

Lao TT, Adelman AG, Sermer M, Colman JM. Balloon valvuloplasty for congenital aortic stenosis in pregnancy. Br J Obstet Gynaecol. 1993
Dec;100(12):1141-2. PubMed

Leavitt JI, Coats MH, Falk RH. Effects of exercise on transmitral gradient and pulmonary artery pressure in patients with mitral stenosis or a

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9708471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=19932241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9283535
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=21449828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=8911317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=22443479
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=2229782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12585949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11431671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=20483891
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15814566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=16159850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=22183020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=8297851


prosthetic mitral valve: a Doppler echocardiographic study. J Am Coll Cardiol. 1991 Jun;17(7):1520-6. PubMed

Lentini S, Monaco F, Tancredi F, Savasta M, Gaeta R. Aortic valve infective endocarditis: could multi-detector CT scan be proposed for
routine screening of concomitant coronary artery disease before surgery?. Ann Thorac Surg. 2009 May;87(5):1585-7. PubMed

Leon MB, Smith CR, Mack M, Miller DC, Moses JW, Svensson LG, Tuzcu EM, Webb JG, Fontana GP, Makkar RR, Brown DL, Block
PC, Guyton RA, Pichard AD, Bavaria JE, Herrmann HC, Douglas PS, Petersen JL, Akin JJ, Anderson WN, Wang D, Pocock S.
Transcatheter aortic-valve implantation for aortic stenosis in patients who cannot undergo surgery. N Engl J Med. 2010 Oct 21;363(17):1597-
607. PubMed

Li JS, Sexton DJ, Mick N, Nettles R, Fowler VG, Ryan T, Bashore T, Corey GR. Proposed modifications to the Duke criteria for the
diagnosis of infective endocarditis. Clin Infect Dis. 2000 Apr;30(4):633-8. PubMed

Lieberman A, Hass WK, Pinto R, Isom WO, Kupersmith M, Bear G, Chase R. Intracranial hemorrhage and infarction in anticoagulated
patients with prosthetic heart valves. Stroke. 1978 Jan-Feb;9(1):18-24. PubMed

Lin SS, Roger VL, Pascoe R, Seward JB, Pellikka PA. Dobutamine stress Doppler hemodynamics in patients with aortic stenosis: feasibility,
safety, and surgical correlations. Am Heart J. 1998 Dec;136(6):1010-6. PubMed

Liu X, Tan HW, Wang XH, Shi HF, Li YZ, Li F, Zhou L, Gu JN. Efficacy of catheter ablation and surgical CryoMaze procedure in patients
with long-lasting persistent atrial fibrillation and rheumatic heart disease: a randomized trial. Eur Heart J. 2010 Nov;31(21):2633-41. PubMed

Liu YW, Tsai WC, Hsu CH, Lin LJ, Li WT, Chen CH, Chen JH. Judicious use of transthoracic echocardiography in infective endocarditis
screening. Can J Cardiol. 2009 Dec;25(12):703-5. PubMed

LÃ³pez J, Sevilla T, Vilacosta I, SarriÃ¡ C, Revilla A, Ortiz C, Ferrera C, Olmos C, GÃ³mez I, San RomÃ¡n JA. Prognostic role of persistent
positive blood cultures after initiation of antibiotic therapy in left-sided infective endocarditis. Eur Heart J. 2013 Jun;34(23):1749-54. PubMed

Magne J, Lancellotti P, PiÃ©rard LA. Exercise-induced changes in degenerative mitral regurgitation. J Am Coll Cardiol. 2010 Jul
20;56(4):300-9. PubMed

Magne J, Mahjoub H, Pierard LA, OConnor K, Pirlet C, Pibarot P, Lancellotti P. Prognostic importance of brain natriuretic peptide and left
ventricular longitudinal function in asymptomatic degenerative mitral regurgitation. Heart. 2012 Apr;98(7):584-91. PubMed

Makkar RR, Fontana GP, Jilaihawi H, Kapadia S, Pichard AD, Douglas PS, Thourani VH, Babaliaros VC, Webb JG, Herrmann HC,
Bavaria JE, Kodali S, Brown DL, Bowers B, Dewey TM, Svensson LG, Tuzcu M, Moses JW, Williams MR, Siegel RJ, Akin JJ, Anderson
WN, Pocock S, Smith CR, Leon MB, PARTNER Trial Investigators. Transcatheter aortic-valve replacement for inoperable severe aortic
stenosis. N Engl J Med. 2012 May 3;366(18):1696-704. PubMed

Manghat NE, Morgan-Hughes GJ, Broadley AJ, Undy MB, Wright D, Marshall AJ, Roobottom CA. 16-detector row computed tomographic
coronary angiography in patients undergoing evaluation for aortic valve replacement: comparison with catheter angiography. Clin Radiol. 2006
Sep;61(9):749-57. PubMed

Manne MB, Shrestha NK, Lytle BW, Nowicki ER, Blackstone E, Gordon SM, Pettersson G, Fraser TG. Outcomes after surgical treatment
of native and prosthetic valve infective endocarditis. Ann Thorac Surg. 2012 Feb;93(2):489-93. PubMed

MarÃ©chaux S, Hachicha Z, Bellouin A, Dumesnil JG, Meimoun P, Pasquet A, Bergeron S, Arsenault M, Le Tourneau T, Ennezat PV,
Pibarot P. Usefulness of exercise-stress echocardiography for risk stratification of true asymptomatic patients with aortic valve stenosis. Eur
Heart J. 2010 Jun;31(11):1390-7. PubMed

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=2033184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=19379913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=20961243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10770721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=622739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9842014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=20573636
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=19960131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=23144047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=20633822
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=22342982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=22443478
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=16905381
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=22206953
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=20308041


Masuda J, Yutani C, Waki R, Ogata J, Kuriyama Y, Yamaguchi T. Histopathological analysis of the mechanisms of intracranial hemorrhage
complicating infective endocarditis. Stroke. 1992 Jun;23(6):843-50. PubMed

McClure RS, Athanasopoulos LV, McGurk S, Davidson MJ, Couper GS, Cohn LH. One thousand minimally invasive mitral valve operations:
early outcomes, late outcomes, and echocardiographic follow-up. J Thorac Cardiovasc Surg. 2013 May;145(5):1199-206. PubMed

McIvor RA. Percutaneous balloon aortic valvuloplasty during pregnancy. Int J Cardiol. 1991 Jul;32(1):1-3. PubMed

McLintock C, McCowan LM, North RA. Maternal complications and pregnancy outcome in women with mechanical prosthetic heart valves
treated with enoxaparin. BJOG. 2009 Nov;116(12):1585-92. PubMed

Meijboom WB, Mollet NR, Van Mieghem CA, Kluin J, Weustink AC, Pugliese F, Vourvouri E, Cademartiri F, Bogers AJ, Krestin GP, de
Feyter PJ. Pre-operative computed tomography coronary angiography to detect significant coronary artery disease in patients referred for
cardiac valve surgery. J Am Coll Cardiol. 2006 Oct 17;48(8):1658-65. PubMed

Melgar GR, Nasser RM, Gordon SM, Lytle BW, Keys TF, Longworth DL. Fungal prosthetic valve endocarditis in 16 patients. An 11-year
experience in a tertiary care hospital. Medicine. 1997 Mar;76(2):94-103. PubMed

MÃ©rie C, KÃ b̧er L, Skov Olsen P, Andersson C, Gislason G, Skov Jensen J, Torp-Pedersen C. Association of warfarin therapy duration
after bioprosthetic aortic valve replacement with risk of mortality, thromboembolic complications, and bleeding. JAMA. 2012 Nov
28;308(20):2118-25. PubMed

Meschengieser SS, Fondevila CG, Frontroth J, Santarelli MT, Lazzari MA. Low-intensity oral anticoagulation plus low-dose aspirin versus
high-intensity oral anticoagulation alone: a randomized trial in patients with mechanical prosthetic heart valves. J Thorac Cardiovasc Surg. 1997
May;113(5):910-6. PubMed

Meschengieser SS, Fondevila CG, Santarelli MT, Lazzari MA. Anticoagulation in pregnant women with mechanical heart valve prostheses.
Heart. 1999 Jul;82(1):23-6. PubMed

Messika-Zeitoun D, Johnson BD, Nkomo V, Avierinos JF, Allison TG, Scott C, Tajik AJ, EnriquezSarano M. Cardiopulmonary exercise
testing determination of functional capacity in mitral regurgitation: physiologic and outcome implications. J Am Coll Cardiol. 2006 Jun
20;47(12):2521-7. PubMed

Michelena HI, Khanna AD, Mahoney D, Margaryan E, Topilsky Y, Suri RM, Eidem B, Edwards WD, Sundt TM, EnriquezSarano M.
Incidence of aortic complications in patients with bicuspid aortic valves. JAMA. 2011 Sep 14;306(10):1104-12. PubMed

Middlemost S, Wisenbaugh T, Meyerowitz C, Teeger S, Essop R, Skoularigis J, Cronje S, Sareli P. A case for early surgery in native left-
sided endocarditis complicated by heart failure: results in 203 patients. J Am Coll Cardiol. 1991 Sep;18(3):663-7. PubMed

Mihaljevic T, Lam BK, Rajeswaran J, Takagaki M, Lauer MS, Gillinov AM, Blackstone EH, Lytle BW. Impact of mitral valve annuloplasty
combined with revascularization in patients with functional ischemic mitral regurgitation. J Am Coll Cardiol. 2007 Jun 5;49(22):2191-201.
PubMed

Miller DL, Morris JJ, Schaff HV, Mullany CJ, Nishimura RA, Orszulak TA. Reoperation for aortic valve periprosthetic leakage: identification
of patients at risk and results of operation. J Heart Valve Dis. 1995 Mar;4(2):160-5. PubMed

Monin JL, Monchi M, Gest V, Duval-Moulin AM, Dubois-Rande JL, Gueret P. Aortic stenosis with severe left ventricular dysfunction and
low transvalvular pressure gradients: risk stratification by low-dose dobutamine echocardiography. J Am Coll Cardiol. 2001 Jun
15;37(8):2101-7. PubMed

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=1595103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=23353109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=1864658
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=19681850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=17045904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9100737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=23188028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9159625
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10377303
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=16781383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=21917581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=1869727
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=17543639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=8556176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11419894


Monin JL, QuÃ©rÃ© JP, Monchi M, Petit H, Baleynaud S, Chauvel C, Pop C, Ohlmann P, Lelguen C, Dehant P, Tribouilloy C, GuÃ©ret
P. Low-gradient aortic stenosis: operative risk stratification and predictors for long-term outcome: a multicenter study using dobutamine stress
hemodynamics. Circulation. 2003 Jul 22;108(3):319-24. PubMed

Monmeneu Menadas JV, MarÃ​n OrtuÃ±o F, Reyes Gomis F, JordÃ¡n Torrent A, GarcÃ​a MartÃ​nez M, BodÃ​ Peris V, GarcÃ​a de Burgos
de Rico E. Beta-blockade and exercise capacity in patients with mitral stenosis in sinus rhythm. J Heart Valve Dis. 2002 Mar;11(2):199-203.
PubMed

MÃ¼gge A, Daniel WG, Frank G, Lichtlen PR. Echocardiography in infective endocarditis: reassessment of prognostic implications of
vegetation size determined by the transthoracic and the transesophageal approach. J Am Coll Cardiol. 1989 Sep;14(3):631-8. PubMed

Mullin MJ, Engelman RM, Isom OW, Boyd AD, Glassman E, Spencer FC. Experience with open mitral commissurotomy in 100 consecutive
patients. Surgery. 1974 Dec;76(6):974-82. PubMed

Myerson SG, Francis JM, Neubauer S. Direct and indirect quantification of mitral regurgitation with cardiovascular magnetic resonance, and
the effect of heart rate variability. Magn Reson Mater Phys Biol Med. 2010 Sep;23(4):243-9. PubMed

Myerson SG, Mitchell AR, Ormerod OJ, Banning AP. What is the role of balloon dilatation for severe aortic stenosis during pregnancy?. J
Heart Valve Dis. 2005 Mar;14(2):147-50. PubMed

MykÃ©n PS, Bech-Hansen O. A 20-year experience of 1712 patients with the Biocor porcine bioprosthesis. J Thorac Cardiovasc Surg.
2009 Jan;137(1):76-81. PubMed

Mylonakis E, Calderwood SB. Infective endocarditis in adults. N Engl J Med. 2001 Nov 1;345(18):1318-30. PubMed

Nadir MA, Wei L, Elder DH, Libianto R, Lim TK, Pauriah M, Pringle SD, Doney AD, Choy AM, Struthers AD, Lang CC. Impact of renin-
angiotensin system blockade therapy on outcome in aortic stenosis. J Am Coll Cardiol. 2011 Aug 2;58(6):570-6. PubMed

Navia JL, Brozzi NA, Klein AL, Ling LF, Kittayarak C, Nowicki ER, Batizy LH, Zhong J, Blackstone EH. Moderate tricuspid regurgitation
with left-sided degenerative heart valve disease: to repair or not to repair?. Ann Thorac Surg. 2012 Jan;93(1):59-67; discussion 68-9.
PubMed

Nemoto S, Hamawaki M, De Freitas G, Carabello BA. Differential effects of the angiotensin-converting enzyme inhibitor lisinopril versus the
beta-adrenergic receptor blocker atenolol on hemodynamics and left ventricular contractile function in experimental mitral regurgitation. J Am
Coll Cardiol. 2002 Jul 3;40(1):149-54. PubMed

Ngaage DL, Schaff HV, Mullany CJ, Barnes S, Dearani JA, Daly RC, Orszulak TA, Sundt TM. Influence of preoperative atrial fibrillation on
late results of mitral repair: is concomitant ablation justified?. Ann Thorac Surg. 2007 Aug;84(2):434-42; discussion 442-3. PubMed

Nishimura RA, Grantham JA, Connolly HM, Schaff HV, Higano ST, Holmes DR. Low-output, low-gradient aortic stenosis in patients with
depressed left ventricular systolic function: the clinical utility of the dobutamine challenge in the catheterization laboratory. Circulation. 2002 Aug
13;106(7):809-13. PubMed

Nishimura RA, Rihal CS, Tajik AJ, Holmes DR. Accurate measurement of the transmitral gradient in patients with mitral stenosis: a
simultaneous catheterization and Doppler echocardiographic study. J Am Coll Cardiol. 1994 Jul;24(1):152-8. PubMed

Nistri S, Sorbo MD, Marin M, Palisi M, Scognamiglio R, Thiene G. Aortic root dilatation in young men with normally functioning bicuspid
aortic valves. Heart. 1999 Jul;82(1):19-22. PubMed

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12835219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12000160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=2768712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=4547871
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=20632070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15792172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=19154907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11794152
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=21798417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=22093694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12103269
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=17643612
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12176952
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=8006259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10377302


Novaro GM, Tiong IY, Pearce GL, Grimm RA, Smedira N, Griffin BP. Features and predictors of ascending aortic dilatation in association
with a congenital bicuspid aortic valve. Am J Cardiol. 2003 Jul 1;92(1):99-101. PubMed

NuÃ±ez L, Gil Aguado M, Larrea JL, CelemÃ​n D, Oliver J. Prevention of thromboembolism using aspirin after mitral valve replacement with
porcine bioprosthesis. Ann Thorac Surg. 1984 Jan;37(1):84-7. PubMed

O'Brien KD, Zhao XQ, Shavelle DM, Caulfield MT, Letterer RA, Kapadia SR, Probstfield JL, Otto CM. Hemodynamic effects of the
angiotensin-converting enzyme inhibitor, ramipril, in patients with mild to moderate aortic stenosis and preserved left ventricular function. J
Investig Med. 2004 Apr;52(3):185-91. PubMed

O'Brien SM, Shahian DM, Filardo G, Ferraris VA, Haan CK, Rich JB, Normand SL, DeLong ER, Shewan CM, Dokholyan RS, Peterson
ED, Edwards FH, Anderson RP, Society of Thoracic Surgeons Quality Measurement Task Force. The Society of Thoracic Surgeons 2008
cardiac surgery risk models: part 2--isolated valve surgery. Ann Thorac Surg. 2009 Jul;88(1 Suppl):S23-42. PubMed

Oh JK, Taliercio CP, Holmes DR, Reeder GS, Bailey KR, Seward JB, Tajik AJ. Prediction of the severity of aortic stenosis by Doppler
aortic valve area determination: prospective Doppler-catheterization correlation in 100 patients. J Am Coll Cardiol. 1988 Jun;11(6):1227-34.
PubMed

Olasinska-Wisniewska A, Mularek-Kubzdela T, Grajek S, Marszalek A, Sarnowski W, Jemielity M, Seniuk W, Lesiak M, Prech M,
Podzerek T. Impact of atrial remodeling on heart rhythm after radiofrequency ablation and mitral valve operations. Ann Thorac Surg. 2012
May;93(5):1449-55. PubMed

Olesen KH. The natural history of 271 patients with mitral stenosis under medical treatment. Br Heart J. 1962 May;24:349-57. PubMed

Omran H, Rang B, Schmidt H, Illien S, Schimpf R, Maccarter D, Kubini R, Von Der Recke G, Tiemann K, Becher H, LÃ¼deritz B.
Incidence of left atrial thrombi in patients in sinus rhythm and with a recent neurologic deficit. Am Heart J. 2000 Oct;140(4):658-62. PubMed

Oran B, Lee-Parritz A, Ansell J. Low molecular weight heparin for the prophylaxis of thromboembolism in women with prosthetic mechanical
heart valves during pregnancy. Thromb Haemost. 2004 Oct;92(4):747-51. PubMed

Otto CM, Burwash IG, Legget ME, Munt BI, Fujioka M, Healy NL, Kraft CD, MiyakeHull CY, Schwaegler RG. Prospective study of
asymptomatic valvular aortic stenosis. Clinical, echocardiographic, and exercise predictors of outcome. Circulation. 1997 May 6;95(9):2262-
70. PubMed

Otto CM, Nishimura RA, Davis KB, Kisslo KB, Bashore TM. Doppler echocardiographic findings in adults with severe symptomatic valvular
aortic stenosis. Balloon Valvuloplasty Registry Echocardiographers. Am J Cardiol. 1991 Dec 1;68(15):1477-84. PubMed

Otto CM, Pearlman AS, Comess KA, Reamer RP, Janko CL, Huntsman LL. Determination of the stenotic aortic valve area in adults using
Doppler echocardiography. J Am Coll Cardiol. 1986 Mar;7(3):509-17. PubMed

Otto CM, Pearlman AS, Gardner CL. Hemodynamic progression of aortic stenosis in adults assessed by Doppler echocardiography. J Am
Coll Cardiol. 1989 Mar 1;13(3):545-50. PubMed

Otto CM, Pearlman AS, Kraft CD, MiyakeHull CY, Burwash IG, Gardner CJ. Physiologic changes with maximal exercise in asymptomatic
valvular aortic stenosis assessed by Doppler echocardiography. J Am Coll Cardiol. 1992 Nov 1;20(5):1160-7. PubMed

Otto CM, Pearlman AS. Doppler echocardiography in adults with symptomatic aortic stenosis. Diagnostic utility and cost-effectiveness. Arch
Intern Med. 1988 Dec;148(12):2553-60. PubMed

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12842261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=6691742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15222408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=19559823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=3366997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=22459545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=14481743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11011342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15467905
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9142003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=1746430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=3950230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=2918158
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=1401617
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=3143323


Oxenham H, Bloomfield P, Wheatley DJ, Lee RJ, Cunningham J, Prescott RJ, Miller HC. Twenty year comparison of a Bjork-Shiley
mechanical heart valve with porcine bioprostheses. Heart. 2003 Jul;89(7):715-21. PubMed

Ozdogan O, Yuksel A, Gurgun C, Kayikcioglu M, Yavuzgil O, Cinar CS. Evaluation of the severity of mitral regurgitation by the use of signal
void in magnetic resonance imaging. Echocardiography. 2009 Nov;26(10):1127-35. PubMed

Pachulski RT, Weinberg AL, Chan KL. Aortic aneurysm in patients with functionally normal or minimally stenotic bicuspid aortic valve. Am J
Cardiol. 1991 Apr 1;67(8):781-2. PubMed

Patel JJ, Shama D, Mitha AS, Blyth D, Hassen F, Le Roux BT, Chetty S. Balloon valvuloplasty versus closed commissurotomy for pliable
mitral stenosis: a prospective hemodynamic study. J Am Coll Cardiol. 1991 Nov 1;18(5):1318-22. PubMed

Pedersen WR, Walker M, Olson JD, Gobel F, Lange HW, Daniel JA, Rogers J, Longe T, Kane M, Mooney MR. Value of transesophageal
echocardiography as an adjunct to transthoracic echocardiography in evaluation of native and prosthetic valve endocarditis. Chest. 1991
Aug;100(2):351-6. PubMed

Pellikka PA, Sarano ME, Nishimura RA, Malouf JF, Bailey KR, Scott CG, Barnes ME, Tajik AJ. Outcome of 622 adults with asymptomatic,
hemodynamically significant aortic stenosis during prolonged follow-up. Circulation. 2005 Jun 21;111(24):3290-5. PubMed

PÃ©rez-GÃ³mez F, AlegrÃ​a E, BerjÃ³n J, Iriarte JA, Zumalde J, Salvador A, Mataix L, NASPEAF Investigators. Comparative effects of
antiplatelet, anticoagulant, or combined therapy in patients with valvular and nonvalvular atrial fibrillation: a randomized multicenter study. J Am
Coll Cardiol. 2004 Oct 19;44(8):1557-66. PubMed

PÃ©rez-VÃ¡zquez A, FariÃ±as MC, GarcÃ​a-Palomo JD, Bernal JM, Revuelta JM, GonzÃ¡lez-MacÃ​as J. Evaluation of the Duke criteria in
93 episodes of prosthetic valve endocarditis: could sensitivity be improved?. Arch Intern Med. 2000 Apr 24;160(8):1185-91. PubMed

Pflugfelder PW, Sechtem UP, White RD, Cassidy MM, Schiller NB, Higgins CB. Noninvasive evaluation of mitral regurgitation by analysis of
left atrial signal loss in cine magnetic resonance. Am Heart J. 1989 May;117(5):1113-9. PubMed

Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, Palensky J, Wittes J. The effect of spironolactone on morbidity and mortality in
patients with severe heart failure. Randomized Aldactone Evaluation Study Investigators. N Engl J Med. 1999 Sep 2;341(10):709-17.
PubMed

Pizarro R, Bazzino OO, Oberti PF, Falconi ML, Arias AM, Krauss JG, Cagide AM. Prospective validation of the prognostic usefulness of B-
type natriuretic peptide in asymptomatic patients with chronic severe aortic regurgitation. J Am Coll Cardiol. 2011 Oct 11;58(16):1705-14.
PubMed

Pruefer D, Dahm M, Dohmen G. Intensity of oral anticoagulation after implantation of St. Jude Medical mitral or multiple valve replacement:
lessons learned from GELIA (GELIA 5). Eur Heart J. 2001;3:Q43.

Pruitt AA, Rubin RH, Karchmer AW, Duncan GW. Neurologic complications of bacterial endocarditis. Medicine. 1978 Jul;57(4):329-43.
PubMed

Pu M, Prior DL, Fan X, Asher CR, Vasquez C, Griffin BP, Thomas JD. Calculation of mitral regurgitant orifice area with use of a simplified
proximal convergence method: initial clinical application. J Am Soc Echocardiogr. 2001 Mar;14(3):180-5. PubMed

Pu M, Vandervoort PM, Greenberg NL, Powell KA, Griffin BP, Thomas JD. Impact of wall constraint on velocity distribution in proximal
flow convergence zone. Implications for color Doppler quantification of mitral regurgitation. J Am Coll Cardiol. 1996 Mar 1;27(3):706-13.
PubMed

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12807838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=19725851
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=2006634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=1918709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=1864104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15956131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15489085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10789613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=2711972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10471456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=21982316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=580794
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=11241013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=8606286


Quinn J, Von Klemperer K, Brooks R, Peebles D, Walker F, Cohen H. Use of high intensity adjusted dose low molecular weight heparin in
women with mechanical heart valves during pregnancy: a single-center experience. Haematologica. 2009 Nov;94(11):1608-12. PubMed

Raine D, Dark J, Bourke JP. Effect of mitral valve repair/replacement surgery on atrial arrhythmia behavior. J Heart Valve Dis. 2004
Jul;13(4):615-21.
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SÃ ņdergaard L, Aldershvile J, Hildebrandt P, Kelbaek H, StÃ¥hlberg F, Thomsen C. Vasodilatation with felodipine in chronic asymptomatic
aortic regurgitation. Am Heart J. 2000 Apr;139(4):667-74. PubMed

Sorajja P, Cabalka AK, Hagler DJ, Rihal CS. Long-term follow-up of percutaneous repair of paravalvular prosthetic regurgitation. J Am Coll
Cardiol. 2011 Nov 15;58(21):2218-24. PubMed

Sorajja P, Cabalka AK, Hagler DJ, Rihal CS. Percutaneous repair of paravalvular prosthetic regurgitation: acute and 30-day outcomes in 115
patients. Circ Cardiovasc Interv. 2011 Aug;4(4):314-21. PubMed

St John Sutton MG, Plappert T, Abraham WT, Smith AL, DeLurgio DB, Leon AR, Loh E, Kocovic DZ, Fisher WG, Ellestad M, Messenger
J, Kruger K, Hilpisch KE, Hill MR, Multicenter InSync Randomized Clinical Evaluation (MIRACLE) Study Group. Effect of cardiac
resynchronization therapy on left ventricular size and function in chronic heart failure. Circulation. 2003 Apr 22;107(15):1985-90. PubMed

Starling MR. Effects of valve surgery on left ventricular contractile function in patients with long-term mitral regurgitation. Circulation. 1995 Aug
15;92(4):811-8. PubMed

Stassano P, Di Tommaso L, Monaco M, Iorio F, Pepino P, Spampinato N, Vosa C. Aortic valve replacement: a prospective randomized
evaluation of mechanical versus biological valves in patients ages 55 to 70 years. J Am Coll Cardiol. 2009 Nov 10;54(20):1862-8. PubMed

Stein PD, Alpert JS, Bussey HI, Dalen JE, Turpie AG. Antithrombotic therapy in patients with mechanical and biological prosthetic heart
valves. Chest. 2001 Jan;119(1 Suppl):220S-227S.

Stoll BC, Ashcom TL, Johns JP, Johnson JE, Rubal BJ. Effects of atenolol on rest and exercise hemodynamics in patients with mitral stenosis.
Am J Cardiol. 1995 Mar 1;75(7):482-4. PubMed

Strom BL, Abrutyn E, Berlin JA, Kinman JL, Feldman RS, Stolley PD, Levison ME, Korzeniowski OM, Kaye D. Dental and cardiac risk
factors for infective endocarditis. A population-based, case-control study. Ann Intern Med. 1998 Nov 15;129(10):761-9. PubMed

STS online risk calculator. [internet]. 2013 [accessed 2014 Feb 20].

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=18574273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=21639811
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15364326
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=8417064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=18174000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10740150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=22078428
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=21791673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12668512
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=7641361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=19892237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=7863993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9841581


Sugeng L, Weinert L, Lammertin G, Thomas P, Spencer KT, Decara JM, MorAvi V, Huo D, Feldman T, Lang RM. Accuracy of mitral valve
area measurements using transthoracic rapid freehand 3-dimensional scanning: comparison with noninvasive and invasive methods. J Am Soc
Echocardiogr. 2003 Dec;16(12):1292-300. PubMed

Sullenberger AL, Avedissian LS, Kent SM. Importance of transesophageal echocardiography in the evaluation of Staphylococcus aureus
bacteremia. J Heart Valve Dis. 2005 Jan;14(1):23-8. PubMed

Suri RM, Schaff HV, Dearani JA, Sundt TM, Daly RC, Mullany CJ, Enriquez-Sarano M, Orszulak TA. Recovery of left ventricular function
after surgical correction of mitral regurgitation caused by leaflet prolapse. J Thorac Cardiovasc Surg. 2009 May;137(5):1071-6. PubMed

Suri RM, Vanoverschelde JL, Grigioni F, Schaff HV, Tribouilloy C, Avierinos JF, Barbieri A, Pasquet A, Huebner M, Rusinaru D, Russo A,
Michelena HI, Enriquez-Sarano M. Association between early surgical intervention vs watchful waiting and outcomes for mitral regurgitation
due to flail mitral valve leaflets. JAMA. 2013 Aug 14;310(6):609-16. PubMed

Szekely P. Systemic embolism and anticoagulant prophylaxis in rheumatic heart disease. Br Med J. 1964 May 9;1(5392):1209-12. PubMed

Teague SM, Heinsimer JA, Anderson JL, Sublett K, Olson EG, Voyles WF, Thadani U. Quantification of aortic regurgitation utilizing
continuous wave Doppler ultrasound. J Am Coll Cardiol. 1986 Sep;8(3):592-9. PubMed

Tessier P, Mercier LA, Burelle D, Bonan R. Results of percutaneous mitral commissurotomy in patients with a left atrial appendage thrombus
detected by transesophageal echocardiography. J Am Soc Echocardiogr. 1994 Jul-Aug;7(4):394-9. PubMed

Thomas JD, Wilkins GT, Choong CY, Abascal VM, Palacios IF, Block PC, Weyman AE. Inaccuracy of mitral pressure half-time immediately
after percutaneous mitral valvotomy. Dependence on transmitral gradient and left atrial and ventricular compliance. Circulation. 1988
Oct;78(4):980-93. PubMed

Thuny F, Di Salvo G, Disalvo G, Belliard O, Avierinos JF, Pergola V, Rosenberg V, Casalta JP, Gouvernet J, Derumeaux G, Iarussi D,
Ambrosi P, CalabrÃ³ R, Calabro R, Riberi A, Collart F, Metras D, Lepidi H, Raoult D, Harle JR, Weiller PJ, Cohen A, Habib G. Risk of
embolism and death in infective endocarditis: prognostic value of echocardiography: a prospective multicenter study. Circulation. 2005 Jul
5;112(1):69-75. PubMed

Tischler MD, Cooper KA, Rowen M, LeWinter MM. Mitral valve replacement versus mitral valve repair. A Doppler and quantitative stress
echocardiographic study. Circulation. 1994 Jan;89(1):132-7. PubMed

Tischler MD, Rowan M, LeWinter MM. Effect of enalapril therapy on left ventricular mass and volumes in asymptomatic chronic, severe mitral
regurgitation secondary to mitral valve prolapse. Am J Cardiol. 1998 Jul 15;82(2):242-5. PubMed

Tong AT, Roudaut R, Ozkan M, Sagie A, Shahid MS, Pontes JÃºnior SC, Carreras F, Girard SE, Arnaout S, Stainback RF, Thadhani R,
Zoghbi WA, Prosthetic Valve Thrombolysis-Role of Transesophageal Echocardiography (PRO-TEE) Registry [trunc]. Transesophageal
echocardiography improves risk assessment of thrombolysis of prosthetic valve thrombosis: results of the international PRO-TEE registry. J
Am Coll Cardiol. 2004 Jan 7;43(1):77-84. PubMed

Torella M, Torella D, Chiodini P, Franciulli M, Romano G, De Santo L, De Feo M, Amarelli C, Sasso FC, Salvatore T, Ellison GM, Indolfi
C, Cotrufo M, Nappi G. LOWERing the INtensity of oral anticoaGulant Therapy in patients with bileaflet mechanical aortic valve replacement:
results from the "LOWERING-IT" Trial. Am Heart J. 2010 Jul;160(1):171-8. PubMed

Tornos MP, Olona M, PermanyerMiralda G, Herrejon MP, Camprecios M, Evangelista A, Garcia del Castillo H, Candell J, SolerSoler J.
Clinical outcome of severe asymptomatic chronic aortic regurgitation: a long-term prospective follow-up study. Am Heart J. 1995
Aug;130(2):333-9. PubMed

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=14652609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15700431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=19379969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=23942679
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=14120826
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=3528265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=7917348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=3168200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15983252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=8281639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9678300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=14715187
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=20598989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=7631617


Tornos P, Almirante B, Mirabet S, Permanyer G, Pahissa A, Soler-Soler J. Infective endocarditis due to Staphylococcus aureus: deleterious
effect of anticoagulant therapy. Arch Intern Med. 1999 Mar 8;159(5):473-5. PubMed

Tornos P, Sanz E, Permanyer-Miralda G, Almirante B, Planes AM, Soler-Soler J. Late prosthetic valve endocarditis. Immediate and long-
term prognosis. Chest. 1992 Jan;101(1):37-41. PubMed

Torsher LC, Shub C, Rettke SR, Brown DL. Risk of patients with severe aortic stenosis undergoing noncardiac surgery. Am J Cardiol. 1998
Feb 15;81(4):448-52. PubMed

Tribouilloy C, Grigioni F, Avierinos JF, Barbieri A, Rusinaru D, Szymanski C, Ferlito M, Tafanelli L, Bursi F, Trojette F, Branzi A, Habib G,
Modena MG, Enriquez-Sarano M, MIDA Investigators. Survival implication of left ventricular end-systolic diameter in mitral regurgitation due
to flail leaflets a long-term follow-up multicenter study. J Am Coll Cardiol. 2009 Nov 17;54(21):1961-8. PubMed

Tribouilloy C, LÃ©vy F, Rusinaru D, GuÃ©ret P, Petit-Eisenmann H, Baleynaud S, Jobic Y, Adams C, Lelong B, Pasquet A, Chauvel C,
Metz D, QuÃ©rÃ© JP, Monin JL. Outcome after aortic valve replacement for low-flow/low-gradient aortic stenosis without contractile
reserve on dobutamine stress echocardiography. J Am Coll Cardiol. 2009 May 19;53(20):1865-73. PubMed

Tribouilloy CM, Enriquez-Sarano M, Schaff HV, Orszulak TA, Bailey KR, Tajik AJ, Frye RL. Impact of preoperative symptoms on survival
after surgical correction of organic mitral regurgitation: rationale for optimizing surgical indications. Circulation. 1999 Jan 26;99(3):400-5.
PubMed

Trichon BH, Felker GM, Shaw LK, Cabell CH, OConnor CM. Relation of frequency and severity of mitral regurgitation to survival among
patients with left ventricular systolic dysfunction and heart failure. Am J Cardiol. 2003 Mar 1;91(5):538-43. PubMed

Tsutsui H, Spinale FG, Nagatsu M, Schmid PG, Ishihara K, DeFreyte G, Cooper G, Carabello BA. Effects of chronic beta-adrenergic
blockade on the left ventricular and cardiocyte abnormalities of chronic canine mitral regurgitation. J Clin Invest. 1994 Jun;93(6):2639-48.
PubMed

Tumelero RT, Duda NT, Tognon AP, Sartori I, Giongo S. Percutaneous balloon aortic valvuloplasty in a pregnant adolescent. Arq Bras
Cardiol. 2004 Jan;82(1):98-101, 94-7. PubMed

Turi ZG, Reyes VP, Raju BS, Raju AR, Kumar DN, Rajagopal P, Sathyanarayana PV, Rao DP, Srinath K, Peters P. Percutaneous balloon
versus surgical closed commissurotomy for mitral stenosis. A prospective, randomized trial. Circulation. 1991 Apr;83(4):1179-85. PubMed

Turina J, Hess O, Sepulcri F, Krayenbuehl HP. Spontaneous course of aortic valve disease. Eur Heart J. 1987 May;8(5):471-83. PubMed

Turpie AG, Gent M, Laupacis A, Latour Y, Gunstensen J, Basile F, Klimek M, Hirsh J. A comparison of aspirin with placebo in patients
treated with warfarin after heart-valve replacement. N Engl J Med. 1993 Aug 19;329(8):524-9. PubMed

Tzemos N, Silversides CK, Colman JM, Therrien J, Webb GD, Mason J, Cocoara E, Sermer M, Siu SC. Late cardiac outcomes after
pregnancy in women with congenital aortic stenosis. Am Heart J. 2009 Mar;157(3):474-80. PubMed

Tzemos N, Therrien J, Yip J, Thanassoulis G, Tremblay S, Jamorski MT, Webb GD, Siu SC. Outcomes in adults with bicuspid aortic valves.
JAMA. 2008 Sep 17;300(11):1317-25. PubMed

van Bommel RJ, Marsan NA, Delgado V, Borleffs CJ, van Rijnsoever EP, Schalij MJ, Bax JJ. Cardiac resynchronization therapy as a
therapeutic option in patients with moderate-severe functional mitral regurgitation and high operative risk. Circulation. 2011 Aug
23;124(8):912-9. PubMed

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10074955
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=1729106
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9485135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=19909877
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=19442886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9918527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12615256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=7911128
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=14978598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=2013139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=3609042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=8336751
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=19249417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=18799444
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=21810666


Van de Veire NR, Braun J, Delgado V, Versteegh MI, Dion RA, Klautz RJ, Bax JJ. Tricuspid annuloplasty prevents right ventricular dilatation
and progression of tricuspid regurgitation in patients with tricuspid annular dilatation undergoing mitral valve repair. J Thorac Cardiovasc Surg.
2011 Jun;141(6):1431-9. PubMed

Van de Werf F, Brueckmann M, Connolly SJ, Friedman J, Granger CB, HÃ¤rtter S, Harper R, Kappetein AP, Lehr T, Mack MJ, Noack H,
Eikelboom JW. A comparison of dabigatran etexilate with warfarin in patients with mechanical heart valves: THE Randomized, phase II study
to evaluate the safety and pharmacokinetics of oral dabigatran etexilate in patients after heart valve replacement (RE-ALIGN). Am Heart J.
2012 Jun;163(6):931-937.e1. PubMed

Van Rossum AC, Visser FC, Sprenger M, Van Eenige MJ, Valk J, Roos JP. Evaluation of magnetic resonance imaging for determination of
left ventricular ejection fraction and comparison with angiography. Am J Cardiol. 1988 Sep 15;62(9):628-33. PubMed

Vandervoort PM, Greenberg NL, Powell KA, Cosgrove DM, Thomas JD. Pressure recovery in bileaflet heart valve prostheses. Localized
high velocities and gradients in central and side orifices with implications for Doppler-catheter gradient relation in aortic and mitral position.
Circulation. 1995 Dec 15;92(12):3464-72. PubMed

Varadarajan P, Joshi N, Appel D, Duvvuri L, Pai RG. Effect of Beta-blocker therapy on survival in patients with severe mitral regurgitation
and normal left ventricular ejection fraction. Am J Cardiol. 2008 Sep 1;102(5):611-5. PubMed

Vassileva CM, Mishkel G, McNeely C, Boley T, Markwell S, Scaife S, Hazelrigg S. Long-term survival of patients undergoing mitral valve
repair and replacement: a longitudinal analysis of Medicare fee-for-service beneficiaries. Circulation. 2013 May 7;127(18):1870-6. PubMed

Vincens JJ, Temizer D, Post JR, Edmunds LH, Herrmann HC. Long-term outcome of cardiac surgery in patients with mitral stenosis and
severe pulmonary hypertension. Circulation. 1995 Nov 1;92(9 Suppl):II137-42. PubMed

Vitale N, De Feo M, Cotrufo M. Anticoagulation for prosthetic heart valves during pregnancy: the importance of warfarin daily dose. Eur J
Cardiothorac Surg. 2002 Oct;22(4):656; author reply 657. PubMed

Wang A, Athan E, Pappas PA, Fowler VG, Olaison L, ParÃ© C, Almirante B, MuÃ±oz P, Rizzi M, Naber C, Logar M, Tattevin P, Iarussi
DL, SeltonSuty C, Jones SB, CasabÃ© J, Morris A, Corey GR, Cabell CH, International Collaboration on Endocarditis-Prospective Cohort
Study Investigators. Contemporary clinical profile and outcome of prosthetic valve endocarditis. JAMA. 2007 Mar 28;297(12):1354-61.
PubMed

Wang K, Gobel F, Gleason DF, Edwards JE. Complete heart block complicating bacterial endocarditis. Circulation. 1972 Nov;46(5):939-47.
PubMed

Watanakunakorn C. Staphylococcus aureus endocarditis at a community teaching hospital, 1980 to 1991. An analysis of 106 cases. Arch
Intern Med. 1994 Oct 24;154(20):2330-5. PubMed

Weber A, Noureddine H, Englberger L, Dick F, Gahl B, Aymard T, Czerny M, Tevaearai H, Stalder M, Carrel TP. Ten-year comparison of
pericardial tissue valves versus mechanical prostheses for aortic valve replacement in patients younger than 60 years of age. J Thorac
Cardiovasc Surg. 2012 Nov;144(5):1075-83. PubMed

Weibert RT, Le DT, Kayser SR, Rapaport SI. Correction of excessive anticoagulation with low-dose oral vitamin K1. Ann Intern Med. 1997
Jun 15;126(12):959-62. PubMed

Wilkins GT, Weyman AE, Abascal VM, Block PC, Palacios IF. Percutaneous balloon dilatation of the mitral valve: an analysis of
echocardiographic variables related to outcome and the mechanism of dilatation. Br Heart J. 1988 Oct;60(4):299-308. PubMed

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=20832082
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=22709744
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=3414556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=8521568
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=18721522
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=23569153
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=7586397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12297198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=17392239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=4562910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=7944855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=22341653
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9182473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=3190958


Wilson JK, Greenwood WF. The natural history of mitral stenosis. Can Med Assoc J. 1954 Oct;71(4):323-31. PubMed

Wilson WR, Geraci JE, Danielson GK, Thompson RL, Spittell JA, Washington JR, Giuliani ER. Anticoagulant therapy and central nervous
system complications in patients with prosthetic valve endocarditis. Circulation. 1978 May;57(5):1004-7. PubMed

Wisenbaugh T, Sinovich V, Dullabh A, Sareli P. Six month pilot study of captopril for mildly symptomatic, severe isolated mitral and isolated
aortic regurgitation. J Heart Valve Dis. 1994 Mar;3(2):197-204. PubMed

Witkowski TG, Thomas JD, Debonnaire PJ, Delgado V, Hoke U, Ewe SH, Versteegh MI, Holman ER, Schalij MJ, Bax JJ, Klautz RJ,
Marsan NA. Global longitudinal strain predicts left ventricular dysfunction after mitral valve repair. Eur Heart J Cardiovasc Imaging. 2013
Jan;14(1):69-76. PubMed

Wolff M, Witchitz S, Chastang C, RÃ©gnier B, Vachon F. Prosthetic valve endocarditis in the ICU. Prognostic factors of overall survival in a
series of 122 cases and consequences for treatment decision. Chest. 1995 Sep;108(3):688-94. PubMed

Wu AH, Aaronson KD, Bolling SF, Pagani FD, Welch K, Koelling TM. Impact of mitral valve annuloplasty on mortality risk in patients with
mitral regurgitation and left ventricular systolic dysfunction. J Am Coll Cardiol. 2005 Feb 1;45(3):381-7. PubMed

Yao F, Han L, Xu ZY, Zou LJ, Huang SD, Wang ZN, Lu FL, Yao YL. Surgical treatment of multivalvular endocarditis: twenty-one-year
single center experience. J Thorac Cardiovasc Surg. 2009 Jun;137(6):1475-80. PubMed

Yilmaz O, Suri RM, Dearani JA, Sundt TM, Daly RC, Burkhart HM, Li Z, Enriquez-Sarano M, Schaff HV. Functional tricuspid regurgitation
at the time of mitral valve repair for degenerative leaflet prolapse: the case for a selective approach. J Thorac Cardiovasc Surg. 2011
Sep;142(3):608-13. PubMed

Yinon Y, Siu SC, Warshafsky C, Maxwell C, McLeod A, Colman JM, Sermer M, Silversides CK. Use of low molecular weight heparin in
pregnant women with mechanical heart valves. Am J Cardiol. 2009 Nov 1;104(9):1259-63. PubMed

Yiu KH, Siu CW, Jim MH, Tse HF, Fan K, Chau MC, Chow WH. Comparison of the efficacy and safety profiles of intravenous vitamin K
and fresh frozen plasma as treatment of warfarin-related over-anticoagulation in patients with mechanical heart valves. Am J Cardiol. 2006 Feb
1;97(3):409-11. PubMed

Zahid M, Sonel AF, Saba S, Good CB. Perioperative risk of noncardiac surgery associated with aortic stenosis. Am J Cardiol. 2005 Aug
1;96(3):436-8. PubMed

Zile MR, Gaasch WH, Carroll JD, Levine HJ. Chronic mitral regurgitation: predictive value of preoperative echocardiographic indexes of left
ventricular function and wall stress. J Am Coll Cardiol. 1984 Feb;3(2 Pt 1):235-42. PubMed

Zoghbi WA, Chambers JB, Dumesnil JG, Foster E, Gottdiener JS, Grayburn PA, Khandheria BK, Levine RA, Marx GR, Miller FA,
Nakatani S, QuiÃ±ones MA, Rakowski H, Rodriguez LL, Swaminathan M, Waggoner AD, Weissman NJ, Zabalgoitia M, American Society
of Echocardiography's Guidelines and Standards Committee, Task Force on Prosthetic Valves, American College of Cardiology
Cardiovascular Imaging Committee, Cardiac Imaging Committee of the American Heart Association, European Association of
Echocardiography, European Society of Cardiology, Japanese Society of Echocardiography, Canadian Society of Echocardiography,
American College of Cardiology Foundation, American Heart Association, European Association of Echocardiography, European Society of
Cardiology, Japanese Society of Echocardiography, Canadian Society of Echocardiography. Recommendations for evaluation of prosthetic
valves with echocardiography and doppler ultrasound: a report From the American Society of Echocardiography's Guidelines and Standards
Committee and the Task Force on Prosthetic Valves, developed in conjunction with the American College of Cardiology Cardiovascular
Imaging Committee, Cardiac Imaging Committee of the American Heart Association, the European Association of Echocardiography [trunc]. J
Am Soc Echocardiogr. 2009 Sep;22(9):975-1014; quiz 1082-4. PubMed

Zoghbi WA, Enriquez-Sarano M, Foster E, Grayburn PA, Kraft CD, Levine RA, Nihoyannopoulos P, Otto CM, Quinones MA, Rakowski

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=13199730
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=639199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=8012639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=22848021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=7656617
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15680716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=19464467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=21277597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=19840573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=16442406
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=16054477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=6693615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=19733789


H, Stewart WJ, Waggoner A, Weissman NJ, American Society of Echocardiography. Recommendations for evaluation of the severity of
native valvular regurgitation with two-dimensional and Doppler echocardiography. J Am Soc Echocardiogr. 2003 Jul;16(7):777-802. PubMed

Type of Evidence Supporting the Recommendations
The type of supporting evidence is identified and graded for each recommendation (see the "Major Recommendations" field).

Benefits/Harms of Implementing the Guideline Recommendations

Potential Benefits
Appropriate management of patients with valvular heart disease (VHD)

Potential Harms
Peri-operative and post-operative morbidity and mortality, including side effects of anesthetic medications
Short- and long-term complications of valve repair and replacement including thromboembolic risks
Bleeding complications associated with anticoagulant therapy
Side effects of cardiovascular drugs
False-negative results of transesophageal echocardiography (TEE)
Major complications can occur during pregnancy in patients with prosthetic valves. The increased hemodynamic burden of pregnancy can
lead to heart failure if there is prosthetic valve thrombosis, stenosis, regurgitation, or patient-prosthesis mismatch. There is an increased risk
for thrombosis of mechanical valves due to the hypercoagulable state of pregnancy.

Contraindications

Contraindications
Intra-aortic balloon counterpulsation is contraindicated in patients with acute severe aortic regurgitation (AR).
Cardiac magnetic resonance imaging is contraindicated in patients with implanted devices.
The presence of either severe and uncorrectable pulmonary hypertension or significant right ventricular (RV) dysfunction constitutes a
relative contraindication to reoperation for isolated tricuspid valve repair or replacement.
Aspirin intolerance or history of bleeding is a contraindication to use of aspirin in combination with a vitamin K antagonist (VKA).
The U.S. Food and Drug Administration (FDA) has issued a specific contraindication for use of dabigatran in patients with mechanical heart
valves.
Angiotensin-converting enzyme (ACE) inhibitors and angiotensin-receptor blockers (ARBs) are contraindicated during pregnancy due to
fetal toxicity, including renal or tubular dysplasia, oligohydramnios, growth retardation, ossification disorders of the skull, lung hypoplasia,
and intrauterine fetal death.
Macrolide antibiotics should not be used in persons taking other medications that inhibit cytochrome P450 3A, such as azole antifungal
agents, human immunodeficiency virus (HIV) protease inhibitors, and some selective serotonin reuptake inhibitors.

Qualifying Statements

Qualifying Statements
Because the American College of Cardiology (ACC)/American Heart Association (AHA) practice guidelines address patient populations
(and clinicians) residing in North America, drugs that are not currently available in North America are discussed in the text without a specific
class of recommendation (COR). For studies performed in large numbers of subjects outside North America, each writing committee
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reviews the potential impact of different practice patterns and patient populations on the treatment effect and relevance to the ACC/AHA
target population to determine whether the findings should inform a specific recommendation.
The ACC/AHA practice guidelines are intended to assist clinicians in clinical decision making by describing a range of generally acceptable
approaches to the diagnosis, management, and prevention of specific diseases or conditions. The guidelines attempt to define practices that
meet the needs of most patients in most circumstances. The ultimate judgment about care of a particular patient must be made by the
clinician and patient in light of all the circumstances presented by that patient. As a result, situations may arise in which deviations from these
guidelines may be appropriate. Clinical decision making should involve consideration of the quality and availability of expertise in the area
where care is provided. When these guidelines are used as the basis for regulatory or payer decisions, the goal should be improvement in
quality of care. The Task Force recognizes that situations arise in which additional data are needed to inform patient care more effectively;
these areas are identified within each respective guideline when appropriate.
Prescribed courses of treatment in accordance with these recommendations are effective only if followed. Because lack of patient
understanding and adherence may adversely affect outcomes, clinicians should make every effort to engage the patient's active participation
in prescribed medical regimens and lifestyles. In addition, patients should be informed of the risks, benefits, and alternatives to a particular
treatment and should be involved in shared decision making whenever feasible, particularly for COR IIa and IIb, for which the benefit-to-
risk ratio may be lower.

Implementation of the Guideline

Description of Implementation Strategy
An implementation strategy was not provided.

Implementation Tools
Clinical Algorithm

Quick Reference Guides/Physician Guides

Resources

Slide Presentation

Institute of Medicine (IOM) National Healthcare Quality Report
Categories

IOM Care Need
Getting Better

Living with Illness

Staying Healthy

IOM Domain
Effectiveness

Patient-centeredness

For information about availability, see the Availability of Companion Documents and Patient Resources fields below.
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